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ABSTRACT
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Dr. Sotirios G. Grigoropoulos

1974
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Organic contaminants are generated in substantial quantities by
the activities of man and through natural processes, and are present
in natural runoff, industrial wastes, and agricultural discharges;
synthetic organic chemicals, many of which are refractory and reach
surface and subsurface water, are of particular significance.

Earlier

studies have generally emphasized the organoleptic and esthetic
problems caused by trace organics, although their acute and long-term
toxic potential has also been recognized.
The overall objective of this investigation was the analytical
and toxicological characterization of trace organics recovered concomitantly from Missouri waters of varied character by large-scale
solvent extraction (SEM) and carbon adsorption (CAM) methods.

The

specific objectives included the evaluation of solvent extraction
contactors, recovery of trace organics from selected sites,
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development of a subacute toxicity bioassay procedure, and chemical
characterization.
Three solvent extraction units, a high speed mixer, perforated
column and packed column, were built and evaluated under laboratory
and field conditions; the first 2 contactors were reasonably efficient in recovering trace organics and relatively inexpensive to
build, and the high speed mixer was selected for the large-scale
unit.

The modified CAM (high flow) system was composed of 2 parallel

banks consisting of either 2 activated carbon filters in series or a
pressure sand filter followed by 2 carbon filters.

The yield of

organics from 3 water sources, a lake and 2 rivers, was generally
greater for the solvent chloroform extract (SCE), however, the SEM
and CAM possessed different selectivities.

Increased turbidity

usually caused a decrease in the quantity of extracts obtained by
the SEM and CAM, and the CAM recovery was 30 percent higher for a
treated water than for the corresponding raw river water.
Carbon chloroform (CCE) and carbon alcohol (CAE) extracts
previously recovered from a large spring, and CCE, CAE, and SCE
obtained from the lake were selectively characterized by gel permeation, gas-liquid and ion-exchange chromatography; nuclear magnetic
resonance; elemental analysis; and trace element analysis by disperse
electron scattering, neutron activation, and emission spectroscopy.
Gel permeation was effective in separating the CCE and CAE materials
and establishing their molecular size distribution; the lake CCE and
CAE were characterized by a varied distribution and molecules of
large size (up to 50,000

A),

while the treated river water CCE and

CAE reflected mostly low molecular weight compounds (1 to 20 A) and
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a uniform distribution.

Significant amounts of trace metals were

found in CCE, CAE and SCE, indicating the likely presence of organometallic compounds in the extracts.
The toxicity studies were designed to measure the harmful effects
of trace organics on white rats in vivo by voluntary oral ingestion
of individual and composite extracts at concentration levels similar
to those found in natural waters, and in vitro by enzymatic investigation using rat tissue homogenates.

The composite lake and spring

CCE+CAE at doses of 1 and 2 mg/day caused serious physiological distress to the animals, including cyanosis, rusty tail and loss of
hair, and the subsurface composite also induced histological damage
to the liver and kidneys; exposure to the lake SCE caused damage to
the liver and kidneys.
A test protocol has been developed for the comprehensive investigation of the chemical and toxicological characteristics of organic
contaminants.

The inability of activated carbon treatment to quanti-

tatively remove these materials from finished water makes their
evaluation a primary concern to the water works industry.

v

ACKNOWLEDGMENT
The author wishes to express his sincere gratitude to his
advisor, Dr. Sotirios G. Grigoropoulos, Professor of Civil Engineering, for his professional guidance and encouragement during the course
of this study.
This investigation was supported in part by Professional Training
Grant No. 5T1-WP-86-03 and Research Fellowship No. 5-F1-WP-26,387-0103 from the Office of Water Programs, U. S. Environmental Protection
Agency; also, by Research Grant No. P01 ES-00082 from the U. S.
Public Health Service.
The author wishes to recognize the Department of Civil Engineering and the Environmental Research Center, University of MissouriRolla, for providing facilities and support for this investigation.
He wishes to thank Messrs. Hershel Hollingsworth, Senior Laboratory Mechanic, and Daniel F. Thomure, Laboratory Manager, for their
assistance during the development and recovery phase of this investigation, and Mr. Robert Block of the Capitol City Water Company,
Jefferson City, MO, for his assistance while sampling at the Missouri
River.

Particular appreciation is expressed to Dr. Walter A. Aue,

Associate Professor of Agriculture, University of Missouri-Columbia,
and Dr. S. Roy Koirtyohann, Associate Professor of Agricultural
Chemistry, Environmental Trace Substances Research Center, University
of Missouri. for their assistance in the chemical characterization
studies; and to Dr. Vernon A. Green, Professor of Pharmacology, University of Missouri-Kansas City, for his personal effort and the
assistance of his staff during the subacute toxicity evaluation.

vi

The author desires to express thanks to Professor J. Kent Roberts,
Professor of Civil Engineering, and to Dr. Donald J. Siehr, Professor
of Chemistry, for their helpful assistance, and to the other members
of the doctoral committee for their encouragement.
Special thanks are also extended to the author's wife, Joyce,
for her support and typing of this manuscript.

vii

TABLE OF CONTENTS

Page
ABSTRACT. • . • • • • • • • . • . . • . • • . . • • • • • • • • • • • • • • • • • • • . . • . . . • . • . • . • • • • • •

i i

ACKNOWLEDGMENT. • • • • • • . • . • • . . . • • . • • • • • • • • • • • • • . • • • • • . • . • • • • . • • • . • •

v

TABLE OF CONTENTS ••.•••••••••••••••••••••••••.••••••.••••••.••••.

vii

LIST OF FIGURES..................................................

X

LIST OF TABLES •••••••••••.•••••••••••••••••••••••••••••••••..••••

xii

I.

INTRODUCTION ••••••.••.•.•••••.•••••••.•••••••••.••••••••••

1

II.

REVIEW. OF LITERATURE ••••••••••••••••••••.••••..•••••.•••••

9

A.

RECOVERY •••.••••••••••••••••••••••••••••••••••••••••.•

9

1•

Carbon Adsorption •.

9

2.

Solvent Extraction .••••••••••.••••••••.•••••••••••

14

a.

Small-Scale Extraction •••••••••••••••••••.••••

14

b.

Large-Scale Extraction ••••••••••••••.•••••••••

17

B.

Hybrid Method.

21

4.

Summary •••••.

21

CHARACTERIZATION ••••••••••••••••••••••••••••••••••••••

23

1•

Analytical Separation Methods.

23

2.

Identification Methods •••••••••••••••••••••.••••••

26

3.

Direct Measurement Methods •••••••••••••••••.••••••

30

HARMFUL EFFECTS ••••••••.•••••••••••.••••••••••••.••.••

32

RECOVERY SYSTEM •••••.•••••••••••••••••••••••••••••••••••••

40

A.

DEVELOPMENT OF A SOLVENT EXTRACTION CONTACTOR ••.••••..

40

1•

Selection of Contactor ••••••••••••••..•••••••••.••

41

2.

Selection of Extraction Solvent •••••.•••••••••••••

45

3.

Laboratory Evaluation ••••••••••••••••.••••••••••••

48

c.
III.

3.

viii

Table of Contents (continued)
a.

Packed Column.................................

49

b.

Perforated Plate Column.......................

50

c.

Mixer-Settler. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

51

d.

Summary of Characteristics....................

52

Field Evaluation..................................

53

B.

FIELD RECOVERY EQUIPMENT..............................

58

C.

RECOVERY PROCEDURES. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

64

RECOVERY OF TRACE ORGANICS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

72

A.

LOCATIONS.............................................

72

B.

FIELD SAMPLING. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

73

1.

Gasconade River at Jerome.........................

78

2.

Springfork Lake near Sedalia......................

78

3.

Missouri River at Jefferson City..................

80

4.

Meramec Spring near St. James.....................

85

RECOVERY. . . . . . . . . . . . . . . • • . . . . • • . . . . . . . . . . . . . . . . . . . . . . .

86

ANALYTICAL CHARACTERIZATION STUDIES.......................

93

SEPARATION AND CHARACTERIZATION STUDIES...............

93

1.

Gel Permeation Chromatography.....................

94

2.

Nuclear Magnetic Resonance........................

101

3.

Gas-Liquid and Ion Exchange Chromatography ........

102

a.

Gas-Liquid Chromatography .•...................

102

b.

pH Gradient Ion Exchange Chromatography .......

105

B.

ELEMENTAL CHEMICAL ANALYSIS ..............•............

106

C.

TRACE ELEMENT · STUDIES. . . . . . . . . . . . . . . . . . . . . . . • . . • • . . . . •

1 07

1.

109

4.

IV.

C.
V.

Page

A.

Disperse Electron Scattering ......•...........•..•

ix

Table of Contents (continued)

Page

2.

Neutron Activation Analysis . . . . . . . . . . . . . . . . . . . . . . .

110

3.

Emission Spectroscopy . . . . . . . . . . . . . . . . • . . . . . . . . . . . .

111

TOXICITY STUDIES. . • . . . • • • . • . • . . . • • • . . • • . • . . . . . . • . . . • • . . . . .

11 5

A.

TEST ANIMALS. . . . . • . . • . • . • . . . . . • . • . • . • . . . • . . . . . • . . . . . . .

11 6

B.

IN VIVD STUDY. . • . • . . . . . • . • . • . . • • • . . . . • . • • . . . . . . . . . . . . .

11 7

1.

Selection of Trace Organics for Study •••••.•••.••.

117

2.

Selection of Trace Organic Test Doses . . • . . . . . . . . . .

119

3.

Test Procedure....................................

120

4.

Gross Physiological Effects.. • . . . . . . . • • . • . • • . . . . . .

1 22

5.

Clinical and Histopathological Examination . . . . . •. •

125

IN VITRO STUDY. . . . • . . • . . . . . . . . • . . . . . . • . . • • . . . . . . . . . . . .

1 30

1.

Development of the Experimental Procedure ...•.••..

131

2.

Enzymatic Activity of Exposed Rat Tissue •..•......

137

3.

Enzymatic Activity of Rat Tissue in the Presence
of Trace Organics.................................

140

SUMMARY AND DISCUSSION • . . . . • • . . . . . • . . . . • . . . . . . . . . . . • . .

146

VII.

DISCUSSION................................................

153

VIII.

CONCLUSIONS...............................................

166

IX.

RECOMMENDATIONS FOR FURTHER RESEARCH .•••..•..........•....

169

BIBLIOGRAPHY. • . • . . . . . • . . . • . • • . . . . • • • . • • . • . • . . . . . • • . . • • . . . . . . . • . . .

1 70

VITA.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

178

VI .

C.

D.

X

LIST OF FIGURES
Figure
l.

Page

Schematic Flow Diagram of Podbielniak Extractor $ystem
[after Bunch and Ettinger (20)]...............................

20

Modified Shiner-Fuson Solubility Partitioning Procedure
(after Breidenbach, et al. (49)] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

24

3.

Solvent Extraction Contactors .....•...........................

42

4.

Arrangement Used at Meramec Spring for the Evaluation of
Solvent Extraction Contactors .......•.........................

56

5.

Arrangement of SEM Field Recovery Equipment ...................

60

6.

Sand or Activated Carbon Unit [after Wagher (31)] ..•..........

62

7.

Arrangement of CAM Field Recovery Equipment ...................

63

8.

Mobile Field-Support Laboratory .....•.........................

65

9.

Summary of the SEM and CAM Procedures .......•.................

71

10.

Field Recovery Equipment on Location ....•.....................

75

11.

Flow Diagram of the Capitol City Water Treatment Plant ..•.....

83

12.

Concentration of Trace Organics in Missouri Waters •...........

88

13.

Liquid Chromatograph. . • . . . . . . • . • . . . . . • . . • • . • . . . . . . . . . . . . . . . . . .

96

14.

Gel Permeation Chromatography Studies-Refractive Index ...•....

99

15.

Gel Permeation Chromatography Studies-Molecular Size
Di_s tribution................................................. . 100

16.

Nuclear Magnetic Resonance Spectrum ...........•............... 103

17.

Emission Spectroscopy $ystem ........................•......... 112

18.

Extraction of Blood and Organ Tissue from Test Animals ........ 123

19.

Physical Appearance of Rats at Autopsy ....•................... 124

20.

Mother Rat and Remains of Pups She Ate .......•................ 126

21.

Photomicrographs of Liver Tissue from Exposed Rats .........•.. 128

22.

Photomicrographs of Kidney Tissue from Exposed Rats ....•..•... 129

2.

xi

23.
24.
25.
26.
27.

Oxygen Utilization by Exposed Liver Homogenate at Varying
Substrate Concentration......................................

136

Oxygen Utilization of Exposed Rat Liver and Heart
Homogenates..................................................

139

Oxygen Utilization by Unexposed Rat Liver Homogenate in the
Presence of Trace Organics ••.......••....•...................

143

Oxygen Utilization by Unexposed Rat Liver Homogenate in the
Presence of Varying Concentrations of Trace Organics •..•.....

145

Proposed Procedure for Comprehensive Chemical and Toxicolog~
ical Characterization of Trace Organics ..................•...

162

xii

LIST OF TABLES
Table
I.

Page
Modifications of the High-Flow Carbon Adsorption Method Characteristics. . . . . . • . . . . . . . . . . . . . . . . • . • . . . . . . . . . . . . .

12

Modifications of the High-Flow Carbon Adsorption Method Trace Organic Recoveries..............................

13

Summary of the Characteristics of the Carbon Adsorption
and Solvent Extraction Methods........................

22

Characteristics of Potential Solvents for Solvent Extraction. . . • . • • . . . . . • • . • • . . . • . . • . . • . . . . . • . . . . . . . . • . . . .

46

Evaluation of Solvent Extraction Contactors - Summary of
Field Recovery Data...................................

57

VI.

Summary of Solvent Extraction Contactor Characteristics..

59

VII.

Typical Equipment List for Field Recovery System.........

66

VIII.

Flow and Water Quality Data for Sampling Locations and
Meramec Spring. . . . . • . . . . . . . . . . . • • . . . • . . . . . . . . . . • . . . . . .

76

IX.

Raw, Treated, and Carbon Column Effluent Data............

77

X.

Preliminary Batch SEM Studies at Springfork Lake.........

79

II.
III.
IV.
V.

XI.

Chemical Composition of Springfork Lake Water and Bottom
Mud • . • . . • • • • • • • • • • . . • . • • . . . . . • • . . . • . . . • • • • • • • • . • • . . . . .

81

XII.

Concentration of Trace Organics in Missouri Waters.......

87

XIII.

Designation of Trace Organics............................

89

XIV.

Gel Permeation Chromatography Studies - Fraction Weight
Distribution. . • . . • . • . . . . . • . . . . . • . . • . . . • . . . . . . . • . . . . . . .

98

XV.

Elemental Chemical Analysis..............................

108

XVI.

Emission Spectrographic Studies- Trace Element Content ..

114

XVII.

Oxygen Utilization by Exposed Rat Liver Homogenate at
Varying Substrate Concentration .•..............•......

135

Oxygen Utilization by Exposed Rat Liver and Heart
Homogenates...................... •• . • • . . . . . • . . . . . . . • . .

138

Oxygen Utilization by Unexposed Rat Liver Homogenate in
the Presence of Trace Organics ••.•••..•.•..••.••......

142

XVIII.
XIX.

xiii

List of Tables (continued)
XX.

Page

Oxygen Utilization by Unexposed Rat Liver Homogenate
in the Presence of Varying Concentrations of Trace
Organics..............................................

144

XXI.

Summary of Toxicity Studies..............................

147

XXII.

Health Effects of Trace Organics on Fish and Small
Animals . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . • . . . . . . . .

1 50

Summary of S t u d i e s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

154

XXIII.

I.

I NTRODUCTION

Trace organic contaminants are g e nerated in substantial quantities both by the activities of man and natural processes, a nd are
probably present in natural runoff as well as in domestic and
industrial wastes and agricultural discharges.

These pollutants

are often refractory in character and are not significantly changed
or removed by water or wastewater treatment systems.

Since the

national manageable water supply must in part be recycled to meet
increasing demand, the n a tural aquatic environment and most of the
finished water distributed to the consumers are tainted with increasing quantities of a wide variety of mostly unidentified trace organic
compounds.

A recent report (1) that 5.5 to 8.1 percent of the total

annual safe yield of a major groundwater basin in California consisted
of recharged reclaimed water, illustrates the potential for trace
organics buildup.

Synthetic refractory organics may well overshadow

those derived from natural activities.

The tremendous capability of

industry to synthesize and market different organic chemicals, many
of which ultimately reach surface and subsurface water, is a prime
cause for this condition.

It has been recently reported (2) that in

the 7-yr period from 1965 to 1972, Chemical Abstracts had registered
2 million unique chemicals.

Further, a study (3) commissioned by

the Environmental Protection Agency (EPA) to survey the literature
pertaining to the organic pollution of fresh water supplies revealed
that 496 organic chemicals had been reported to be or suspected to be
present in fresh water, and of these 66 had been identified.
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Earlier studies of trace organics have emphasized for the most
part the organoleptic and esthetic problems caused by these materials,
even though their acute and long-term toxic potential has been recognized for several years (4,5).

Significant progress in the area of

organoleptic characteristics was made by the isolation and identification (6,7) of geosmin, a metabolic byproduct of actinomycetes,
and the finding of odorous organic sulfides and disulfides in waters
dominated by different species of blue-green algae (8).

Color in

water has also been attributed to trace quantities of color-causing
solids reported to be polyhydroxy methoxy carboxylic acids (9).

Odor

and color are associated with pollution and are important because
they may markedly affect the acceptability of a water supply for
domestic or industrial use.

The health effects of trace organics

are, however, significantly more important, and the recent professional literature in the water works industry is indicating a rising
concern over the toxicity of these persistent organics (10).

It is

already known that certain rivers are replete with a host of chemicals, some of which are known carcinogens, teratogens, and mutagens
(3).

The fate of most of these materials in the environment is

unknown, and their toxicity to aquatic life and terrestrial plants,
animals, and man is poorly characterized (3).
One method for controlling trace substances in public water
supplies is through the setting of standards.

The primary reason for

developing standards is the protection of human health, and a certain
abundance and general widespread occurrence are necessary before a .
constituent is considered for inclusion (11).

Associated with the

establishment of standards is a requirement for reliable analytical
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methodology to enable measurement of the constituents at the naturally
occurring concentrations.
approaches have been taken.

In the field of trace organics, 2
Concentration of the organics by ad-

sorption on activated carbon and subsequent sequential elution by
chloroform and ethanol is the method used in the United States (12,13),
while direct solvent extraction of the water with chloroform and
benzene has been adopted in Europe (14).
Recovery of trace organics by adsorption onto activated carbon
is recognized as the most efficient manner for obtaining the substantial quantities of material needed for chemical and toxicological
characterization (4,15,17,18,19).

In the Carbon Adsorption Method

(CAM), the organics present in a large volume of water are concentrated on the carbon and later desorbed by one or more solvents.
Sequential elution, first by chloroform and then ethanol, yields 2
concentrated organic mixtures identified as Carbon Chloroform
Extract (CCE) and Carbon Alcohol Extract (CAE).

Traditionally,

analytical attention has been given to the CCE fraction which is
thought to contain the contaminants mostly responsible for adverse
effects (15).

However, the CAE fraction is usually present at a much

higher concentration than the CCE, and has been shown to be responsible for long-term toxic effects (16).
Large-scale solvent extraction has also been proposed for the
recovery of trace organics for toxicological studies (20,21); this
was indicated because polycyclic aromatic hydrocarbons with strong
carcinogenic potential were found to be adsorbed on the carbon so
tenaciously that effective desorption by common solvents was not
possible {22).

Chloroform and benzene are the solvents most
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frequently employed in the Solvent Extraction Method (SEM) to yield
a Solvent Chloroform Extract (SCE) and a Solvent Benzene Extract
(SBE).

The SBE has been recommended for the recovery of polycyclic

aromatic hydrocarbons, while the SCE is thought to represent a broader
range of organics (14).

In contrast to the number of studies per-

formed employing a large-scale CAM, only 2 applications of large-scale
SEM have been reported in the literature (20,23).

Both studies uti-

lized expensive industrial contactors to effect the transfer of
organics from water to an organic solvent.

The recovered extracts

were subjected to limited chemical characterization, and information
was not given relevant to the toxic qualities of these materials.
Although both the CAM and SEM can be used to isolate a broad spectrum
of organics, neither technique will qualitatively or quantitatively
recover all, or the same, materials in the water (15).

A need, there-

fore, exists for parallel studies to compare the amounts of extracts
obtained by each method, as well as their characteristics, including
t~eir

toxic potential.

Because the cost of the commercial extractors

would prohibit widespread application, the development of an effective
but economical unit is very desirable.
Previous investigations have generally recovered trace organics
from convenient sampling locations which offered shelter and electrical power; however, other less accessible sites may be of significance
and should not be overlooked.

The field isolation of trace substances

from varying locations can be most effectively accomplished with a
mobile recovery system.

Consequently, the development of such a

system, which would provide the capability for large-scale recovery
by both the CAM and SEM, was pertinent to this investigation.
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The analytical methods which have proven to be productive in the
detection and measurement of trace organic pollutants are spectroscopy
and chromatography.

Of particular value have been infrared, visible,

ultraviolet, fluorescent, nuclear magnetic resonance, and mass
spectroscopic techniques; and paper, thin-layer, and gas chromatographic procedures (15,24,25).

The method which today is considered

to be the most effective identification tool is the gas chromatographmass spectrometer-computer troika {2).

The major factor limiting the

widespread use of this procedure is the cost of purchasing, operating,
and maintaining the system.

An important constraint in the analysis

of trace organics is the fact that the sample must be successfully
fractionated in the gas chromatographic unit; materials with molecular
weights above 750 are not separated well (2).

The inability to

successfully fractionate the complex trace organic extracts has been
a major weakness in the effort to identify and quantify the compounds
present.

Gel permeation chromatography, which has been used as a

separation tool in the polymer, cellulose, and petroleum industries
(26), may hold considerable promise for the fractionation of organic
pollutants.
The toxic effects of trace organics on fish have been comprehensively evaluated on an acute and long-term basis using materials
recovered from surface and subsurface waters by carbon adsorption
(19,27), and their mode of action has been established (5,27).

Of

particular significance is the fact that, while the individual subsurface CCE and CAE were not toxic even at concentrations approaching
their solubility limits, the combined organics exhibited strong
~ergistic

and cumulative behavior.

Carcinogenic studies have also
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been performed using mice or hamsters and exposing them to either
CCE or CAE through subcutaneous injection or skin testing (21,28).
These tests were conducted to evaluate the potential of the individual
extracts to initiate tumor formation or other anomalous cell growth
in the animals, and other adverse effects, except death, were not
reported.

Synergistic effects of the combined CCE and CAE materials

were not considered.

Acute toxicity studies to determine lethal con-

centrations have recently been conducted by injecting intraperitoneally to mice individual CCE and CAE, and materials obtained
by a combination of reverse osmosis and solvent extraction, at dose
levels well above those found in most natural waters (25).
The toxicological investigations using mammals, although quite
valuable, present some inherent limitations in assessing the potential
health effects of trace organics to man.

The possibility of syner-

gistic activity was not demonstrated; also introduction of the test
material by injection more closely simulated inhalation into the
lung or penetration through the intact skin (29), rather than the
normal method of entry to mammals which is ingestion of water or
food.

Perhaps the major deficiency in the mammal studies was the

narrow scope of the harmful effects reported.

A more comprehensive

investigation is needed to evaluate the health effects of properly
combined trace organic extracts on voluntarily-feeding animals which
receive doses approximating the level to which man might be
potentially exposed.
This investigation is part of a research study whose scope is
the recovery of trace organics from surface and subsurface Missouri
waters; the characterization and identification of these substances;
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the evaluation of their toxic effects, both acute and long-term; and
the development of methods for their destruction or removal.

Pre-

ceding investigations have studied the recovery of organic micropollutants from subsurface waters by a modified CAM, together with their
partial identification and determination of toxic effects to fish
(24); the recovery of trace organics from several waters by a smallscale SEM (30); and the evaluation of the CAM by parallel smallscale SEM studies (31).
The overall objective of the present investigation was the
analytical and toxicological characterization of trace organics
recovered concomitantly from Missouri waters of varied character by
application of large-scale SEM and CAM.
this study were:

The specific objectives of

(a) the development of a large-scale solvent

extraction/carbon adsorption system with primary emphasis on the
evaluation of solvent extraction contactors; (b) the recovery of
trace organics from selected Missouri water sources of epidemiological
concern;

(c) the development of a bioassay procedure, which incorpo-

rated oral feeding at levels near those found in natural waters and
clinical and pathological procedures, to assess the health effects of
the trace organics to mammals; and (d) the chemical characterization
of these substances with emphasis on molecular size fractionation
and organometallic composition.
Studies were undertaken to design and evaluate in the laboratory
and in the field several solvent extraction contactors.

These led

to the development of a mobile field recovery system employing both
carbon adsorption and solvent extraction with capability for preclarification of the water and pH adjustment and provision for
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independent power generation.

Trace organic materials (CCE, CAE, and

SCE) recovered from 3 sources (2 rivers and 1 lake) were selectively
characterized by several analytical techniques (primarily gel
permeation chromatography, emission spectroscopy, and elemental
analysis) and toxicological investigations (including in vivo

-- ----

bioassays using white rats and in vitro enzymatic studies using
tissue homogenates).

This investigation was able to introduce and

demonstrate the potential of several new techniques for use in trace
organic characterization, and was successful in facilitating the
interaction of several disciplines in an epidemiologic study of an
applied engineering problem.
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II.

REVIEW OF LITERATURE

The purpose o£ this literature review was to present investigations relevant to the recovery of trace organics, their characterization, and harmful effects.
A.

RECOVERY

Several methods may be used for the concentration and recovery
of trace organic pollutants, including activated carbon

ad~orption,

solvent extraction, freeze concentration, ion exchange, and reverse
osmosis-solvent extraction (19,25).

Carbon adsorption and solvent

extraction were of particular interest to this investigation because
they showed most promise for recovering the substantial quantity of
material needed for the analytical and toxicological aspects of the
study.
1.

Carbon Adsorption
The recovery of organic pollutants by carbon adsorption was first

reported in 1951

(32), and the CAM was officially recognized when a

0.2-mg/1 limit was placed on CCE in the 1962 Drinking Water Standards
(12) to provide a measure of water quality and a safeguard against
the intrusion of potentially toxic organic materials in the finished
water.

The procedure, which was included as a tentative standard

method in the 12th edition of Standard Methods (33), consists of
passing approximately 5,000 gal (18,900 1) of water upward through a
carbon filter, 18-in. (45.7-cm) long and 3-in. (7.6-cm) in diameter,
containing equal volumes of 4x10 and 30-mesh carbon.

The water is

filtered at a rate of 0.25 gpm (0.95 1/min), which allows a 0.6-min
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theoretical contact time based on the volume of the voids (13).

After

the appropriate volume of sample has been filtered during a 2-wk
period, the carbon is removed, dried, and eluted with chloroform to
desorb the organics.

This procedure is applicable, but not limited,

to drinking water and has been designated as the high flow CAM
(CAM-hf).

A low-flow CAM (CAM-lf) was added in the 13th edition of

Standard Methods (34) as a tentative method, companion to the CAM-hf
to serve in the surveillance of polluted waters and the evaluation of
the quality of surface waters.

The method generally entails passing

over a 1-wk period about 1,200 1 of raw water through a similar
filter which contains only fine, 30-mesh carbon at a rate of 0.12
1/min giving a 5.3-min contact time.

An additional change is the

elution of the carbon by ethanol, after chloroform has been used, to
obtain a CAE; this enables the recovery of an additional group of
organics.

A simpler and more reliable method,

~esignated

as the Organics-

Carbon Adsorbable (0-CA) technique, was proposed in 1973 by EPA
investigators for the monitoring of trace organics in drinking water,
surface water, and ground water (13,35).

This procedure calls for

passing about 60 1 of water through a 2-in.

(5.1-cm) ID and 3-in.

(7.6-cm) long column packed with 70 g of 14x40 mesh activated carbon
at a flow rate of 20 ml/min (a contact time of 3.9 min).

A salient

feature of this procedure is regular, periodic flushing of the carbon
in the direction of sample flow to prevent consolidation of the carbon
during sampling and accumulation of air pockets that impede the sample
flow.

Automatically timed, high-rate hydraulic flushing using approxi-

mately 50 ml of sample during a 7 to 8-sec interval is provided once
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every 30 min.

Sequential elution with chloroform a nd ethanol is

employed and has been reported to yield 7 times more CCE and 20 times
more CAE than the older high-flow method (13).

Based on the 0-CA

method, limits of 0.7 and 3.0 mg/ 1 for CCE-m and CAE-m, respectively,
have been proposed in the Revised Drinking Water Standards now under
consideration (35). *

It is the expressed hope of EPA that the simpler

0-CA technique will receive widespread use in the water works industry.
The carbon adsorption methodology most commonly applied to largescale recovery has been based upon modifications of the standard
CAM-hf.

Procedures which have been employed by previous investigators

are summarized in Table I, and the concentrations of trace organics
(CCE and CAE) recovered from several surface and subsurface waters
is presented in Table II.

In addition to the sampling of larger

volumes of water, these modifications have provided for the pretreatment of turbid surface water, the use of multiple units arranged in
series or in parallel, the acidification of the water prior to filtration, and the sequential elution of the carbon with a number of
solvents.

Significant additional quantities of organics were obtained

(Table II) by the 2nd, 3rd, or even 4th filter in the series,
especially after the pH of the water had been lowered to the acidic
range.

Elution with ethanol also yielded additional organics, and

except for 1 recovery site, the CAE concentration was much greater
than the corresponding CCE content for the same filter.

* Because recent evidence tends to indicate that the CAE-m contains
inorganic salts as well as organic matter, it is now proposed that
the limit for CAE-m be deleted from the Revised Drinking Water
Standards (36).
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TABLE I.
Investigators

MODIFICATIONS OF THE HIGH-FLOW CARBON ADSORPTION METHOD - CHARACTERISTICS
Source
of Water

Modification

Remarks*

Ref .

Designed for finished water, incorporates
no pretreatment; 1 small-capacity (0.073cu ft) filter ; 5,000 gal of water fil tered
at 0.25 gpm over 2 wk; elution with
chloroform.

33

37

Standard Methods

Variable

Middleton, et al.

Ohio, Cedar &
Pretreatment; size &
Kanawha
No. of filters;
Rivers; Lake
elutants used.
Michigan

Sand filtration; 1 t o 8 large-c apac ity
(1.24-cu ft) filters in serie s or parallel;
121,900 to 253,900 gal of water fi ltered at
about 8 gpm over 11 to 21 days; elution
with chloroform & ethanol.

Pretreatment; size &
No. of filters;
pH of water;
elutants used.

Sedimentation & diatomite filtrati on; 2
large-capacity (1 .3-cu ft) filters in
series; pH adjustment to 2.9 to 3.9 before
2nd filter; 91, 400 to 103,000 gal of water
filtered at 5 to 7.5 gpm over 8 to 10 days;
elution with chloroform, ethanol, acetone,
& benzene.

Meramec
Spring &
Rolla deep
wells

No pretreatment; size
& No. of filters ;
elutants used.

Three large-capacity (1 .5-cu ft ) filters
in series; 129,000 to 262,000 gal of water
filtered at 4 .9 to 6 . 2 gpm over 17 to 35
days; elution with chloroform, ethanol ,
acetone & benzene, or benzene & acetone.

18
24

Maramec
Spring

No pretreatment; size
& No. of filters;
pH of water;
elutants used .

Four large-capacity (0.20-cu ft) filters
in series; pH adjustment to 2. 5 after 2nd
filter; 19,800 to 25 ,700 gal of water
filtered at 0.79 gpm over 23 to 25 days;
elution wi th chloroform & benzene.

31

---

Myrick & Ryckman
Missouri
Dornbush & Ryckman
River
Spicher & Skrinde

Grigoropoulos
& Smith

Wagher

Standard Method

*To convert cu ft to 1 and gal to 1 multiply by 28 .32 and 3.785, respectively .

17

38
39
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TABLE II.

MODIFICATIONS OF THE HIGH-FLOW CARBON ADSORPTION METHOD - TRACE ORGANIC RECOVERIES

Investigators

Middleton,
et al. **

--

Source
Name
Ty]:>e* pH

Total
CCE CAE
ug/1

R
F

89
168

216

Kanawha
River

R
F

1 '800
414

311
368

Lake
Michigan

R
F

202
158

269
320

Cedar
River

R
F

96
56

184
205

Missouri
Dornbush & Ryckman
River
Spicher & Skrinde

Wagher+

Filter 2
Filter 3
Filter 4
CCE CAE
CCE CAE
CCE CAE
pH
pH
pH
ug/ 1
ug/ 1
ug/ 1

Ohio
River

Myrick & Ryckman#

Grigoropoulos
& Smith#,##

Filter 1
CCE CAE
ug/1

R

Meramec
Spring

R

UMR Well

Ref.

-

37

8.1

81

317 3.5

68 552

149

869

17

8.1

76

235 2.9

78 415

154

650

38

7.7

71

166 3.2

59 385

130

551

39

43
93

110
195

48
76

11
22

40
73

2.0
19

22
46

R

4.80 8.04

0

0

0

0

4.80 8.04

City Well

R

0.07 2.08

0

0

0

0

0.07 2.08

Meramec
Spring

R

30
52

7.2 9.53
7.2 7.52

7.2 2.65
7.2 2.48

2.5 5.84
2.5 4.56

2. 5 3.93
2.5 3. 81

22.0
18.4

18
24

31

*R: Raw water; F: Finished water.
**No. of filters used: Ohio River R-2, F-1; Kanawha River R&F-8; Lake Michigan R&F-6; Cedar River R&F-3.
#Carbon was in addition sequentially eluted with acetone & benzene or benzene & acetone.
##All filtrations at natural pH of the water; values were not given.
+carbon was in addition eluted with benzene.
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2.

Solvent Extraction
Th,is technique is widely used in water ana lysis for separating

and concentrating a great variety of materials, including organic and
inorganic ions and neutral species (40), and is particularly useful
in the measurement of organic pesticides (41).

To date, most appli-

cations of solvent extraction in the trace organics area have been
directed toward the identification of specific components, and have
employed a relatively simple and inexpensive batch procedure; however,
the technique is also adaptable to large-scale, countercurrent,
multistage extraction (42).

Several criteria should be considered

in developing extraction procedures, primarily the type of solvent to
be used, the quality of the water to be evaluated, and the type of
extraction process to be employed (serial or batch) (41).

The im-

portance of the solvent extraction and cleanup steps in the analysis
of trace organics, especially pesticides, has been recently emphasized
by Suffet and Faust (41); on the basis of the results of previous
studies, these investigators concluded that the 2 preliminary steps
were as important as the chromatographic and determinative steps in
the precise and accurate measurement of trace substances.
a.

Small-Scale Extraction
Studies conducted at Washington University (43,44) have examined

the solvent extraction and carbon filtration methods and have showed
that for a particular river water recovery was higher by the former
procedure.

This finding was attributed to the increased contact

between the solvent and organic compounds, the direct solution of
organics, and the extraction of additional materials from natural
silts and clays.

Further studies using a natural water fortified
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with the pesticide lindane showed that recovery was pH dependent.
The significantly reduced time required for recovery was reported to
be a major advantage for this procedure.
Chang (30) employed batch-type solvent extraction with chloroform
and benzene to recover trace organics from a simplified water system
containing known amounts of phenol and 3 natural Missouri waters
(Meramec Spring, Gasconade River, and Missouri River).

The effect

of the number of extractions, solvent to sample ratio, extraction
time, initial organic concentration, pH, and turbidity were evaluated
in the simplified water system.

The natural waters were used to

evaluate the practical application of the method, with emphasis on
the selection and sequence of solvents, pH adjustment, and effect of
turbidity.

Chang concluded that the proper selection of solvents ·and

the solvent to sample ratio were the most important factors in this
method, and that the number of sequential extractions and the pH of
the sample were also significant.

The concentrations of trace

organics recovered from Meramec Spring, Gasconade River, and Missouri
River waters with chloroform at the natural pH were 93, 44, and 182
to 467 ~g/1, respectively.

When the turbidity of the Missouri River

water was reduced from 600 to 450 or 300 units by mixing glass woolfiltered water with raw water at appropriate proportions, and the
results were adjusted for the amount of organics present in the
turbidity-causing particles which were removed, the concentration
of extracts obtained by sequential extraction with chloroform and
b~nzene

at natural pH correspondingly increased from 543 to 968 and
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964 ~g/1; however, when the turbidity was further reduced to 150 and
1 unit, the concentration of extracts decreased to 533 and 407 ~g/ 1.
To reduce the time required for concentration in pesticide
analysis and eliminate manual processing of many samples, Kawahara,
et al.

(45) developed a semiautomatic extraction device which con-

tinuously mixed an 850-ml sample with 50 ml of purified hexane for
30 min.

A 1-gal (3.78-l) jar with a teflon lined lid served as the

container and turbulence was generated by a magnetically driven
2-in.

(5.1-cm) teflon impeller.

According to these investigators

the device averaged 46 percent better recovery of aldrin from a
588 pg/1 solution than did hand extraction.
subsequently used by Schafer, et al.

This apparatus was

(46) to conduct a comprehensive

survey for the presence of 10 organochlorine pesticides in raw and
£~nished

water obtained from a number of cities along the Mississippi

and Missouri rivers.
Adelman (14) has reported that the recommended limit for extractable organic chemicals in the 1970 European Standards for Drinking
Water (47) was based upon solvent extraction with chloroform.

He

reported the maximum acceptable and allowable concentrations to be
0.2 and 0.5 mg/ 1, respectively, and stated that these values did not
reflect any firm indication of toxicity.

In addition, the European

standards recommended extraction with benzene to recover polycyclic
aromatic hydrocarbons, some of which are known to be carcinogenic,
and set a 0.2-pg/ l limit for these materials.
The American Society for Testing and Materials (ASTM) in 1970
approved a batch-type solvent extraction procedure for the measurement
of soluble organics in industrial water (48).

The method specified
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that wa ter be mixed with an appropriate solvent to provide an opportunity for the organ ic component to migrate from the aqueous into the
solvent phase.

Although the solvent to be used was not specified, the

other procedures in the test protocol were explicit.

Wagher (31)

utilized the ASTM method to monitor the influent and effluent trace
organic concentration for 4 large-capacity activated carbon filters
(see Tables I and II) in an effort to directly evaluate the recovery
characteristics and efficiency of the CAM.

Although his data tended

to indicate a low total recovery efficiency for the CAM, Wagher concluded that further research was necessary before the limitations of
the procedure could be established.
b.

Large-Scale Extraction
The recovery of sizeable quantities of trace organics has been

accomplished by continuous-flow contactor devices which systematically
exposed the organic solvent to the sample stream.

However, in con-

trast to the wealth of available technical information describing the
small-scale recovery of man-made and naturally occurring micropollutants, only 2 studies that employed large-scale extraction were
found in the literature.
Hoak (23) in 1962 reported on studies conducted using a Scheibel
18-stage countercurrent extraction column.

Initial evaluation studies

were undertaken in the laboratory with tap and raw river water
fortified with phenol at the 100 vg/ 1-level, and were followed by 4
field extraction runs to recover trace organics from Ohio River water.
Distillation and vacuum distillation were employed to strip the
solvent.

Methyl isobutyl ketone (MIK) was selected for the initial
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studies because it was far more effective in extracting phenol than
the other solvents studied (chloroform, carbon tetrachloride, benzene,
petroleum ether, pentane, isopropyl ether, and heptane) in preliminary
tests performed using a separatory funnel.

The extraction efficiency

of the Scheibel column was then investigated and was found to be
directly proportional to the agitator speed for a given solution feed
rate; however, higher agitator speeds also produced greater difficulty
in separating the solvent and the solution.

When river water samples

with phenol added were extracted, the operation was complicated by
emulsion formation which was overcome only by a reduction in agitator
speed.

Water
S~stem

The corresponding data are summarized below.
Phenol
Concentration
~gLl

Agitator
Speed
rEm

Feed Rate, ml/min
Water
Solvent

Phenol Recovery
0

Treated

96.5

344

2,000

107.2

94

River

65.0

150

2,000

74.6

53

Hoak reported that after 2 field extractions carbon tetrachloride and
n-butyl acetate were substituted for the MIK, and gave 3 reasons for
this change:

MIK was practically impossible to separate from its

solutes; it contained impurities which could not be removed by distillation; and it tended to polymerize.

He stated that in order to

obtain a higher recovery of trace organics, a portion of the solvent
was recirculated and the organic concentration of the solvent was
monitored by use of a portable gas-liquid chromatograph.

Unfor-

tunately, Hoak (23) provided no specific information pertaining to the
recovery of trace organics from the field extraction of Ohio River
water.
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A portable solvent extractor for recovering organic contaminants
from surface water was designed and evaluated by Bunch and Ettinger
(20).

The primary reason for the development of this system, shown

in Figure 1, was the extraction of carcinogenic polynuclear hydrocarbons and pesticides, and the recovery of slug doses of organic
pollutants in river water.

The extraction system was built around

a Podbielniak model 6000 SP centrifugal contactor designed to operate
at rotor speeds from 1,700 to 5,000 rpm on both heavier and lighterthan-water solvents at a combined total flow of 5 gpm (18.9 1 / min).
The hydraulic components within the system allowed varying the ratio
of water to solvent from 10:1 to 100:1, and pH adjustment of the
water before it entered the contactor was also possible.

All equip-

ment and other system components in contact with the solvent were
either stainless steel or teflon, and all electric drives and control
components were of explosion-proof construction.

The liquid flow

system consisted mainly of a 55-gal (200-1) drum that served as a
feed tank and as a clarifier for removing grit, a 3-gpm (11 .4-l / min)
variable speed solvent pump to feed solvent into the contactor, and
a chemical pump to add the amount of acid or caustic needed for pH
adjustment.

The system was mounted on a 6x10-ft (1 .82x3.05-m) skid

and was carried to the field location on a 14-ft (4.27-m) stake-bed
truck; the generator and solvent were carried on a separate truck.
Bunch and Ettinger (20) reported the following typical data obtained
in 3 pilot-plant runs with a 10:1 water to solvent ratio.
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Pressure Gage

Chemical Pump

Heavier
Liquid
Out

0

Heavier
Liquid
In

Lighter
Liquid
In

Water Pump

Pressure Gage

Solvent Pump

Figure 1.

SCHEMATIC FLOW DIAGRAM OF PODBIELNIAK EXTRACTION SYSTEM
[AFTER BUNCH & ETTINGER (20)]
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River Water
Little Miami
Little Miami
Ohio

3.

Solvent Used

Trace Organics
mg/ 1

Freon T.F.
Chloroform
Chloroform

COD
mg/ mg extract

0.2
0.6
0.9

1•5
1•5
1 •8

Hybrid Method
Tardi:f:f and Deinzer (25) have recently reported a multistep

trace organic recovery procedure which is depicted below.
Concentration
by
Reverse
Drinking Wa t er-.
-Lyophilization- Solvent Extraction
Osmos1s or I on
_....- ~
Exchange
Inorganic
Organic
Fraction
Fraction
This experimental design was selected to provide organic material
qualitatively and quantitatively representative o:f the trace organics
in the water with as little exposure to "harsh conditions" as possible,
and in su:f:ficient quantity :for characterization and toxicological
investigations.

Although no recovery data were given, the authors

reported that organic compounds with molecular weights less than 200
may not have been recovered because they would not have been concentrated in the reverse osmosis step.

Lyophilization (or :freeze con-

centration) was employed as an additional nondestructive concentration
step, and was :followed by solvent extraction o:f the lyophilized
material with chloroform and dichoromethane to recover the trace
organics.
4.

Summary
A summary o:f the characteristics o:f the carbon adsorption and

solvent extraction methods, as applied to the recovery o:f trace
organics, is presented in Table III.

In preparing this table
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TABLE III.
Recovery
I Q)
s:lr-!

.,.;

~

Method

~ ·~

hf

.,.;
~

Concentration
Recovery
Sample
Flow Rate
Common
Time
Volume
1/ min
1/ min
Solvents days
1
sq em

CAM

14

Monitoring & identificat ion; standard technique (U. s .);
lengthy procedure requiring attention.

)9

Scaled-up filter units arranged in series or paralle l;
most efficient in obtaining sufficient organics for
chemical & toxicological studies; lengthy procedure
requiring extensive laboratory faci l ities & effort in
isolation & elution.

0.021

CHCl3

0.95
to
30

0.013
to
0.042

c2H50H

1 '200

0.12

CHCl3
0.0026
C2H50H

)12

Developed to obtain a better indication of raw water
quality; complex field recovery requiring trained
personnel.

60

0.02

0.001

CHCl3
c2H50H

)8

Proposed standard technique (U. S. ); relati vely i nexpensive & reliable; high recovery effic iency fo r CCE
& CAE; man-hr requirement significantl y reduced.

<1

Monitoring technique for pesticides; re commended for
measuring organics in industrial water (ASTM); standar d
technique (Europe) equivalent to CAM- hf (U. S. ); useful
for rapid concentration preceding identification when
sensitive analytical methodology available .
Not exploited in trace organics recovery; could be useful for monitoring, identification, & limited t oxi cit y
studies; low power requirement wit h suitable contactor,
battery operation feasible.

hf
>20,000
mod

F-1
0
fll

~
s:l
0
..0

lf

C6H6
(CH3)2CO
CH30H

F-1
a3

C,)

0-CA

P.

0

5

.,.;

+'
0

a3

F-1

+'

Batch

SmallScale

><

~

5-300

+'
s:l

Not
Reported

C6H14
C5H12
CHCl3
C6H6
(C2H5) 20
CCl4
CH2Cl2

Q)

I>

~

0

w.

LargeScale

Remarks

11,3500.95
18,930

CHCl3

~
0

+'

SUNMARY OF THE CHARACTERISTICS OF THE CARBON ADSORPTION AND SOLVENT EXTRACTION METHODS

>300

Not
Reported

CHC1 3
Freon T.F.
Var
CCl 4
CH) OOC4H9

Recovery of large quantities of organics for chemical &
toxicological studies; limited data reported; handling
of large volumes of solvent requires spec i alized equipment; on-site stripping usually not practicable.
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emphasis was placed on the design and operational characteristics
and the applications of the various methods employing the 2 recovery
principles.
B.

CHARACTERIZATION
Significant progress has been made in the last few years in the

characterization of trace organic materials found in natural waters,
and a large number of individual compounds have been identified in
raw and treated waters (25).

Although sophisticated, sensitive

analytical methodology has been introduced in this area, trace
organics, especially those of natural origin, are complex mixtures
and separation into simpler groups is still an essential step in the
characterization studies (15).

Efforts are also underway to develop

a direct means for the measurement of organic micropollutants at
their naturally occurring concentrations.
1.

Analytical Separation Methods
The modified Shiner-Fuson solubility fractionation scheme (49)

shown in Figure 2 has been employed by many investigators for the
initial characterization of CCE and CAE materials.

According to a

recently published compilation of instrumental analysis methods for
water pollution control (40), the Ether Insolubles are tarry or
polymerized substances which are not usually taste and odor producers, while the Water Solubles contain humic-type material of
natural origin or contributed in part by sewage.

The Weak Acids may

be expected to contain phenols, weaker sulfonic acids, and weaker
carboxylic acids; and the Strong Acids would be typically composed
of odorous acetic, butyric, and caproic acids.

Materials which are
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Tared Sample

I

Add Ether 6 Filter
Soluble

Insoluble
ETHER INSOLUBLES

Ether Solution

I

Extract with Water
Ether Layer
Extract with HCI
Ether Layer
Extract with NaHC03

Water Layer
WATER SOLUBLES

Water Layer
AMINES, ORGANIC BASES

Water Layer
Extract with NaOH
Ether Layer
NEUTRALS

Figure 2.

STRONG ACIDS

Water Layer
WEAK ACIDS

MODIFIED SHINER-FUSON SOLUBILITY PARTITIONING PROCEDURE [AFTER BREIDE1"BACH, ET AL. (49)]
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Neutral to the acid-base solubility sequence may be further separated
on silica gel columns by selective elution with isooctane for an
aliphatic fraction, benzene for an aromatic fraction, and chloroformmethanol for an oxygenated fraction.

Polynuclear hydrocarbons of the

benzopyrene type would be found in the aromatic fraction of the
Neutrals.
Eichelberger, et al.

(50) have pointed out a significant limi-

tation of the Shiner-Fuson procedure:

the partitioning of phenols

into various fractions and the loss of volatile phenols caused by
the many manipulations resulted in poor recoveries, and the fractions
collected for thin-layer or gas-liquid chromatography were still not
free of nonphenolic materials.

These authors presented a procedure

for the efficient isolation of phenolic compounds from CCE prior to
chromatographic analysis requiring approximately 140 mg of this
material, which depended on the separation of phenols, as weak acids,
from similar neutral compounds by a Florisil column cleanup.

A method recently proposed by Burnham, et al. (51) for the identification and estimation of neutral organic contaminants in potable
water depends upon the isolation of these materials on macroreticular
resins, which were found to be capable of quantitatively extracting
weak organic acids and bases and neutral organic compounds at the
pg/1 and mg/1 levels.

The neutral compounds from 50 1 of contaminated

well water were concentrated on 3 columns in series containing these
resins, and the resins were then sequentially eluted with hydrochloric
acid (0.05M), sodium hydroxide (0.05M), ethyl ether, and methanol.
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The eluates were subjected to gas-liquid chromatographic analysis and
14 organic compo1mds were identified.

2.

Identification Methods
The identification of the specific trace organic compounds,

which are present in natural waters or are concentrated in recovered
extracts, depends to a large measure upon the capability of the
available analytical instrumentation.

Gas-liquid chromatography

has been an extremely versatile means for the separation and identification of trace organics; as a preparatory fractionation step, this
procedure has been successfully employed in conjunction with spectroscopic techniques used to identify resulting fractions.
Smith (24) in 1968 used gas-liquid chromatographic and infrared
analyses in identification studies performed with CCE and CAE
materials recovered from surface and subsurface waters (see Tables I
and II), as well as fractions obtained by the modified Shiner-Fuson
(49) fractionation procedure.

A dual column gas-liquid chromatograph

equipped with flame ionization detectors, linear temperature programming, and effluent splitter, was employed to separate the organics
making possible the collection of individual chromatographic peaks
for micro-infrared analysis.

Smith reported that most e x tracts

could be separated by this procedure, however, he was unable to
resolve the CAE compounds.

The gas-liquid chromatographic analysis

revealed the complexity of the organics, but was not alone sufficient
for identification.

Partial characterization was achieved through

the evaluation of infrared spectra obtained by direct analysis and
spectra of collected chromatogram peaks.

Smith concluded that the

majority of the organic micropollutants were composed of homologous
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compounds containing aliphatic alcohol, aldehyd e , and carboxylic
acid functional groups, and that the materials could be placed in
the broad category of humic acids.
The chemical nature of geosmin, an odorous material which has
been isolated from actinomycetes and blue-green algae, was characterized and separated by Rosen and determined by Gerber (6,7).

Gas-

liquid chromatography was employed for separation, and infrared and
nuclear magnetic resonance spectroscopy in conjunction with 2,
4-dinitrophenolhydrazine derivatization confirmed the identification.
Subsequently, Kikuchi, et al.

(52) have reported the detection of

geosmin in the water of Lake Biwa.

They used a recovery sequence

consisting of concentration on activated carbon, elution with
dichloromethylene, purification on silica gel, steam distillation,
and a final extraction with dichloromethylene, and confirmed the
presence of geosmin in the recovered material by gas-liquid
chromatography.
Middleton (2) has recently called attention to the progress
which has been made 1n the identification of trace organics utilizing
a system consisting of a gas chromatograph coupled to a mass spectrometer augmented by a small dedicated computer, and employing a second
computer to match the spectra obtained for each fraction with those
of known compounds.

However, he has also reported that a major limi-

tation of the system is that the samples must be gas-chromatographable, and that materials of molecular weights of over 750 iid not
respond well to the system.
Burnham, et al.

(51) have employed a combination gas chromato-

graph-mass spectrograph for identification of 14 neutral compounds
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(see p.25) present in an Iowa well water contaminated by tar residues.
The concentration of 6 of these compounds was determined and was found
to range from 0.4 to 19.3 pg/ 1.

Because anthracene and other high

molecular weight polynuclear hydrocarbons might have been lost in
the recovery and if present could not have passed through the gas
chromatograph under the experimental conditions employed, the
authors used ultraviolet spectroscopy to investigate the spectrum
between 350 and 500 nm where most of these compounds absorb strongly.
They concluded that these compounds were not present.
Kleopfer and Fairless (53) recently reported that over 40 organic
compounds were probably present in the CCE material obtained from the
municipal drinking water of Evansville, IN.

A gas-liquid chromato-

graph coupled to a mass spectrometer was utilized to identify 13 of
these compounds.

The major component in the extract was bis

(2-chloroisopropyl)-ether which was also found in the Ohio River
water at Evansville at about twice the concentration measured i.n
the municipal drinking water, respectively 2.0 and 0.8 ~g/1.

The

primary source of this major contaminant appeared to be an industrial
discharge located about 150 miles (242 km) upstream from the water
intake of the Evansville plant.
Novak, et al.

(54) have reported the analysis of organic con-

stituents with boiling points up to 140°C in polluted drinking water
by stripping 250 ml of the water with helium to separate the volatile
substances present preceding identification by means of combined gas
chromatography-mass spectrometry.

Stripping was employed to increase

the detection sensitivity of the gas-liquid chromatograph, thereby
enabling direct analysis of aqueous solutions; this in most cases
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would not have been possible because the limiting concentration that
could have been determined with solvent extraction prior to analysis
would have been 0.1 mg/ 1.

Novak, et al. reported that with the

correct experimental arrangement and the appYopriate flame ionization
detector, concentrations of a substance as low as 1 x 10-4 ug/ 1 may
be determined.

The polluted drinking water was found to contain

15 individual compounds present at concentrations of less than
1 x 10-4 up to 6.1 x 10-2 mg/1.

They further reported that the only

compounds which they identified in pure drinking water were benzene
and chloroform, both of which were present at concentrations of
about 1 x 1o-4 mg/ 1.

According to these authors, the detection

limit for this method was 2 to 3 orders of magnitude higher than
methods involving the extraction of the same water sample with an
organic solvent, followed by chromatographic or spectral analysis.
The identification of natural color-producing compounds was
reported in 1966 by Christman and Ghassemi (55).

The collection of

these substances fron1 water was achi e ved by the following steps:
removal of the color from the water on macroreticular ion exchange
resins, elution of the exhausted resin with 2M sodium chloride,
acidification of the color-brine concentrate a nd extraction with
n-butanol, eva pora tion of the alcohol phase to obtain a residue, and
addit i on of ace tone to sep arate the color bodies from the salts .

Two

technique s were empl oyed to es t a blish th e aromatic-polyphenolic nature
of color substances:

mild oxida tive degradation with alkaline copper

oxid e in a sealed bomb under nitrogen at 1 80°C, and reductive
degradation with sodium amalgam under reflux at atmospheric pressure.
The degradation products produced in the former procedure were studied
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by thin-layer chromatography and ultraviolet absorption scanning of
the eluted spots, resulting in the identification of 7 different
organic compounds.
3.

Direct Measurement Methods
The need for analytical procedures with the sensitivity and

precision to detect trace hazardous chemicals at their natural concentrations is well recognized (10).

The Total Organic Carbon (TOC)

Method (34) has provided a means for the direct quantitative measurement of organic carbon in water and wastewater, however, the lower
detection limit for the technique is 1 mg/ 1.

The CAM, 0-CA, and

SEM techniques are also directly measuring organic content, although
the analysis time may be too long if the parameter is to serve in
the operational control of a water treatment facility.
Menzel and Vaccaro (56) have described a method for the rapid
determination of dissolved organic matter in seawater at con centrations between 0.1 and 20 mg/ 1.

The procedure involved placing

5 ml of the sample or a suitable aliquot in a 10-ml ampul, and adding
0.1 g of potassium persulfate, the oxidizing agent, and 0.2 ml of
3 percent phosphoric acid; the mixture was stripped with nitroge n
gas to remove inorganic carbon, the ampul was carefully sealed with
a n ox ygen torch to avoid contamination of the samples and was then
autoclaved at 1300C for 30 min.

The resulting carbon diox ide was

passed through a nondisperse infrared analyzer using nitrogen carrier
gas, and the signal output of the analyzer was recorded.

Using

appropriate calibration curves, the carbon content could be determined
with a precision of~ 0.1 mg/1.
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A more recent method developed for automated operation and with
a lower detection limit of 0.1 mg/ 1 carbon, has been reported by
Croll (57).

He described that in this procedure the sample and a

blank were acidified with concentrated nitric acid and the inorganic
carbon was removed.

Each sample was then pumped into an oxidizing

furnace where the organic carbon was converted to carbon dioxide.
Nitrogen carrier gas and hydrogen gas were introduced prior to the
carbon dioxide entering a nickel-catalyzed furnace where it was
reduced to methane; the sample stream was then passed through a
silica gel column to remove any ammonia present, and the methane
was measured with a flame ionization detector.

He reported that

10, 10-ml volumes of tap water containing 80 mg/1 inorganic carbon
and 0.15 mg/1 organic carbon were purged, and immediately before
analysis organic carbon was added to give concentrations of 0, 0.5,
5.0, and 50 mg/1; the samples were analyzed and the corresponding

+

+

+

standard deviations were determined to be- 38,- 7 , - 1.5, and

+ 1 • 7.
Lysyj, et al.

(58,59) have discussed the development of an

analytical chemical technique for the determination and characterization of trace organics in water using a pyrographic system which
consisted basically of the following components:

a steam generator,

a pyrolysis chamber which was fabricated of monel tubing filled with
nickel shot in a temperature controlled furnace, and a gas-liquid
chromatographic unit.

The authors have employed this system to

measure the organic carbon levels in waters from river basins in the
western United States.

Data obtained from sampling 12 ground waters

and 20 surface waters serving as municipal water supplies indicated
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that dissolved organic content of these samples ranged from 0.7 to
1.6 and from 1.1 and 7.7 mg/ 1, respectively.
cations of the unit were specified:

Two immediate appli-

the detection of industrial

organic wastes and the measurement of trace organics carried over
with the product water during desalination of sea water by distillation.
Another method for measuring organic carbon by means of a flame
ionization detector has been reported by Eggertsen and Stross (60).
These investigators determined trace organics in water by means of
a thermal analysis-flame detection system previously devised for
the thermal stability and volatility characterization of organic
materials.

The procedure called for heating 50-pl of sample in

nitrogen carrier gas in 2 stages to determine the volatile (150°G)
and nonvolatile (150 to 5500£) organic carbon with the hydrogen
flame detector.

Eggertsen and Stross reported that the lower

detection limit of this procedure was 0.2 mg/1, and that its performance had been demonstrated in tests with 1 to 300 mg/1 of
various types of organic materials.

They stated that the advantages

of the method were its sensitivity, the ability to differentiate the
material according to volatility, and the analysis time which was
approximately 15 min.

C.

HARMFUL EFFECTS
According to Rosen (15), when considering the adverse effects

of trace organics on human physiology, particular attention should
be given to those substances which have the potential to produce
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cancer through exposure to or consumption of contaminated water.
However, other harmful effects of trace organics should not be overlooked.
Smith and Grigoropoulos (5,19,27) have evaluated the acute and
long-term toxic effects of trace organics recovered from Missouri
subsurface and surface waters (see Tables I and II) by means of
batch-type bioassays with fish as the test animals.

The acute

toxicity range of combined CCE and CAE, expressed as the Median
Tolerance Limit (TL ), the concentration that will kill 50 percent
m
of the test animals in the time specified, was found to vary between
88 and 201 mg/1 for trout and red shiners in a 24-hr test; Missouri
River CCE was found to have corresponding 24-hr TL
to 59 mg/1.

m

values of 36

The authors have noted that individual subsurface CCE

or CAE were not toxic even at concentrations approaching their upper
limit of solubility; however, when the CCE and CAE were recombined at
the ratio at which they were recovered, they exerted harmful effects
to the test fish, including a loss of balance, rapid operculum movement, and violent swimming before death.

Autopsy showed that the

gills were the only organs affected as evidenced by the absence of
red color, the accumulation of light colored material on the gill
lamella, and the absence of gas in the gas bladder.

The Missouri

River CCE, which was toxic to fish at significantly lower concentrations, caused e x treme hemorrhaging around the heart a nd liver.
Enzyme studie s using homogenized ·trout liver, heart, and lung tissue,
with succinic acid as substrate, were performed to measure and
indirectly evaluate the respiratory enzyme activity in the presence
of trace organics.

These in vitro toxicity studies were helpful in
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discerning the probable mode of harmful action to the test animals.
Long-term toxicity tests were also performed and a mathematical model
was developed by which a toxicity equation could be used to convert
short-term data to long-term toxicity information.

Experimental

data obtained for long-term tests showed that when the exposure
time was extended, the trace organics were toxic to fish at significantly lower concentrations.
Sletten (4) has studied the physiological responses of fish and
fish tissue homogenates to trace organics recovered from St. Louis tap
water (a treated Missouri River water) by 2 large-capacity activated
carbon filters in series (water to the 2nd filter was acidified).
Acute bioassay investigations performed with either the CCE or the
CAE indicated that the CCE were toxic to fish at low concentrations
(a 96-hr TL

m

value of 28 mg/1 was reported), while the CAE had no

effect to trout exposed to 100 mg/1 for 5 days.

In an attempt to

elucidate the toxicity characteristics of these materials further
and to determine the probable mode of toxic action, enzyme studies
were performed using homogenized trout liver, heart, and gill
tissue in a Warburg respirometer.

The enzymatic activity of the

tissue homogenates was found to be definitely inhibited by the CCE
but not by the CAE.
Hueper and Payne (28) in 1963 reported that trace organic
materials recovered by the CAM from the water of a river receiving
heavy industrial pollution and the corresponding finished water, when
injected to mice at biweekly doses of 2 and 4 mg/animal for CCE and
CAE, elicited the development of spindle-cell sarcomas at the site
of the injection.

They further stated that both extracts, when
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subcutaneously injected or cutaneously applied, were probably the
cause of leukemic reactions in some mice.

The discovery of a bladder

papilloma in one mouse injected with raw water CCE pointed to the
probable contamination of the water with chemical carcinogens, such
as antioxidants, which might have been released from rubber manufacturing plants in the area.

Hueper and Payne also reported data

based upon the oral feeding of CCE mixed with the powdered commercial
ration fed to the animals in the proportion of 2 percent of the
total feed.

The time of death reported for these mice was not

significantly different from that of the control mice and no tumors
were found.
Dunham, et al.

(21), 4 yr later, published the findings of an

investigation initiated because of epidemiological data which showed
the incidence rate for bladder cancer in New Orleans to be 3 times
higher than the rates prevailing in 2 other southern cities,
Birmingham and Atlanta.

Contamination of the drinking water in

New Orleans with trace organics was considered to be a possible cause
for the statistical anomaly.

On the basis of these observations,

Dunham, et al. undertook a study to determine the carcinogenic effects
of trace organics, and used CCE and CAE materials e x tracted from the
drinking water supplies of 3 cities along the Mississippi River, as
well as those of New Orle ans , Birmingham , and Atlanta.

Preliminary

toxicity studies utilizing the CCE and CAE collected at the 3 other
cities involved the forced feeding of Syrian hamsters by a polyethylene tube.

Eight hamsters received a 0.5 percent solution (by

weight) of CCE in 70 percent alcohol, 6 hamsters received a 5.0
percent solution (by weight) of CAE in 70 percent alcohol, and 4
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control animals were given the 70 percent alcohol solution only;
one-half of the test animals in each group were fed 0.5 ml of the
appropriate solution 3 times/wk and the others received the same
dose 2 times/wk.

The survivors after 1 yr of testing were 1 of 8,

3 of 6, and 2 of 4 for the hamsters force-fed the CCE, CAE, and
alcohol solution.

The oral administration of trace organics was

abandoned in later tests because the average life span of the
animals was shortened by the oral instillation; however, the authors
concluded that the CCE were significantly more toxic than the corresponding CAE when given by mouth.

Subsequently, the carcinogenic

potential of individual CCE and CAE materials recovered from the
3 major cities was investigated by subcutaneous injection into newborn albino mice.

The individual extracts were administered at

sublethal doses, 0.5 mg to the newborn mice, 1.0 mg at 10 days, and
3.5 mg at 20 days injected in a 1:1 mixture of propylene glycol and
saline solution.

The authors concluded that tumor formation attri-

butable to the trace organics was not induced into the tissues
examined, including the bladder, during an experimental period of

78 wk.
Tardiff and Deinzer (25) have recently presented toxicity data
for the effects of organic micropollutants to mice.

The materials

employed in their testing were recovered by carbon adsorption or
reverse osmosis-solvent extraction (see p.21).

The CCE and CAE

materials used had been recovered from Cincinnati tap water and
Kanawha River water at Nitro, WV, and the reverse osmosis extracts
had been obtained from Cincinnati tap water, as well as other
uns~ecified

raw and finished waters.

The individual CCE, CAE, or
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reverse osmosis extracts were dissolved in a mixture of 10 percent
ethanol and 90 percent propylene glycol and administered to the test
animals intraperitoneally at a constant dose of 1 ml/kg body weight.
(The authors did not report the amount of test organics added to the
solution.)

At least 5 male Carworth CF1 mice were used in each group

to determine the Median Lethal Dose 50 (LD 50 ) of an extract, the
amount of material lethal to 50 percent of the test group.

All 3

types of trace organic materials were found toxic to the mice with
corresponding LD 50 ranges of 32 to 35, 84 to 89, and 65 to 290 mg/kg
body weight, respectively, for the CCE, CAE, and reverse-osmosis
extracts.
Ottoboni and Greenberg (61) have investigated the toxicity of
treated domestic wastewater to rats.

Wastewater effluent was obtained

from an activated sludge treatment plant serving a small, exclusively
residential community in the San Francisco Bay.

Unchlorinated

effluent and control tap water were passed through a 0.45-p membrane
filter to eliminate the possibility of microbial contamination, and
fed to 2 groups of 20 Sprague-Dawley-derived albino rats (10 males
and 10 females).

The authors reported that the male rats given

wastewater ad libitum gained more weight than control rats, while
the companion female rats had significantly smaller adrenal glands
than control females; also that 2 male test rats developed massive
tumors, not previously seen in this type of rat strain at such an
early age.
A comprehensive survey of the literature on organic chemical
pollution of

freshwa~er

has been prepared by the Arthur D. Little

group (3) under contract with EPA.

This group has organized much
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of the available information into tables which list the available
data on mammalian acute and chronic toxicity; the concentration and
effects of. organic pollutants in human and animal tissue; the sources,
carcinogenic properties, and mutagenic and teratogenic potential of
trace organics; the reported maximum no-effect concentration, ranking
according to acute toxicity (LD 50 ), and chronic threshold doses of
the organic pollutants which have been identified in freshwater or
were found to be potential pollutants from industrial, agricultural,
or domestic sources.

The report focused on the large number and

variety of organic chemical pollutants from industrial sources, and
the limited nature of the chronic animal toxicity data pertinent
to the problem of trace organic pollution in fresh water.
Tardiff and Deinzer (25) have classified 60 organic compounds,
which have been identified in finished water, on the basis of their
acute toxicity using a ranking system developed by Gleason, et al.
(62); they reported that information was available only for 33 of the
60 compounds, and presented the following groupings.
Probable Lethal Dose (Human)
Toxicity Rating
Practically non-toxic
Slightly toxic
Moderately toxic
Very toxic
Extremely toxic
Super toxic
Unknown

-------------=m~g~/~k~g.____________ No. of Compounds

15,000
5,000
500
50
5
5

<

1
0
14
16
2
0

15,000
5,000
500
50

>

27
Total

60

In summary, the literature reviewed has indicated that the
laboratory data pertinent to defining the potential health hazard
of known individual organic compounds in water is extremely limited.
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The evaluation of harmful effects other than acute toxicity has been
difficult to accomplish and long-term data would not be available for
some time on an individual compound basis.

Furthermore, since trace

organics have been shown to be complex mixtures of compounds which
have not been completely fractionated or identified, their adverse
effects will not be elucidated by this procedure until their complete identific ation has taken place.

~ergistic

actions between

individual compolmds and mixtures, such as between subsurface water
CCE and CAE, and cumulative behavior have been shown to produce
adverse effects which cannot be predicted by judiciously summing and
balancing the effects from individual compounds.

Finally, the

toxicity studies reported have studied the harmful quality of the
trace organics in terms of very limited observations or parameters.
The need for additional tox icity studies was demonstrated by this
review of literature.
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III.

RECOVERY SYSTEM

The field . recovery of trace organic substances in this study
required the development of a mobile and flexible system which would
be capable of concentrating sufficient quantities of materials for
characterization and mammal toxicity studies.

Considerable attention

was given to the design, construction, and evaluation of a suitable
solvent extraction contactor.

Other primary considerations related

to the modification of a previously constructed activated carbon
filtration system (31); the integration of the SEM and CAM equipment
into a compatible and functional field system; and the establishment
of coordinated field and laboratory procedures enabling the investigator to perform the required tasks effectively and with minimum
external assistance.
A.

DEVELOPMENT OF A SOLVENT EXTRACTION CONTACTOR
Contactors suitable for large-scale recovery of trace organics

were available commercially and had been applied to the recovery of
surface water organic contaminants (20,23) (see Chapter II, p.17).
The custom-built Podbielniak centrifugal contactor (20) and the
Schiebel contactor (23), both employing countercurrent water-solvent
flow, were complex in design, required extensive support equipment,
and were beyond the financial means of this study.

The development

of a more economical contactor and solvent extraction system,
capable of efficient recovery of organic contaminants with a minimum
of maintenance and unnecessary sophistication, was therefore an
early requirement of this investigation.
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One of the most formidable challenges in the design and fabrication of an extractor unit for this application proved to be the
selection of suitable internal and external geometry which would be
compatible with materials possessing chemical resistance to organic
solvents.

Materials which were considered to be sufficiently inert

to the chemical action of the common organic extraction solvents
were teflon, pyrex glass, and type 316 stainless steel (20).

A

major advantage of pyrex glass in model evaluation was its transparent quality, which allowed direct observation of the hydraulic
characteristics of the functional unit.

Pyrex glass and stainless

steel were both difficult to work with, while teflon could be
worked with relative ease.

All items auxiliary to the extractor

assembly, which consisted of magnetically driven teflon-gear pumps,
flow conduits, valves, and solvent containers, were also made of
these inert materials.
The design criteria which guided the development of the solventwater contactor system included:

efficient recovery of trace

organics, high throughput of water, complete and simple disassembly
for cleaning, ease of operation and control, ability to function
with low power demand, low cost of construction, and rugged, compact,
and lightweight characteristics for transportation and field
handling.
1.

Selection of Contactor
Based upon the work of previous investigators (63,64 ), 3 types

of contactors were chosen for study:

a packed column, a perforated

plate column, and a mixer-settler (Figure 3).

In all 3 designs,

the contact between the water and solvent and their separation was
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within a self-contained unit, and each could be used with an extraction solvent either heavier or lighter than water.
The packed column was selected because of its mechanical simplicity.

The column was made of 1.5-in. (3.8-cm) ID pyrex beaded

drainline pipe, and ceramic berl saddles were used for packing.
Proper balancing of the solvent and water flow rates was found to
be critical for this unit; however, the contact between the 2
phases appeared to be excellent with no tendency for emulsion
formation.

The cleaning of the berl saddles was more difficult and

time consuming than that of the interior hardware of other units.
The perforated plate column was chosen because it had been
reported to be reliable, reasonably flexible, and efficient; the
elimination of moving parts was also an important characteristic
in view of the fact that the liquid system being handled was
corrosive (63).

This column was constructed of 4-in.

(10.2-cm)

ID pyrex beaded drainline pipe equipped with baffles and plates
made of teflon sheets and stainless steel rods.

The plate column

employed gravity to intersperse the solvent and water phases and to
produce countercurrent flow.

The disperse (heavy) phase traveled

down through the column and collected over the perforated plates until
sufficient volume had coalesced to produce an adequate hydraulic head
which forced the liquid through the perforations in the plate and thus
dispersed it again into the continuous phase in the next stage.
One of the difficulties experienced in the fabrication of the
plate column was drilling the 0.25-in.

(0.64-cm) holes in the pyrex

pipe required for the installation of inlet lines.

The shortest

marketed length of beaded drainline pipe was 5 ft (1.52 m), and to
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provide the required 2-ft (0.61-m) section, the supplier had to cut
and bead one end.

The beading operation introduced residual thermal

stresses which resulted in the fracture of the pipe while the 2nd
hole was being drilled.

The problem was overcome by heating the

pipe to 550°C and allowing it to cool slowly and uniformly for about
15 hr before drilling the holes.

Outlet lines for the plate column

and both inlet and outlet lines for the packed column were installed
in the plugs.
a 0.25-in.

Either a 0.25-in. (0.64-cm) OD rigid teflon tube or

(0.64-cm) ID flexible teflon tube was pressure-fit into

the glass orifice to provide a connection.
The mixer-settler has been reported to be one of the simplest
solvent extraction contactors which is suitable for staged operation
(63); it has the advantage that it requires virtually no supporting
structure.

The major difficulty associated with the development of

this unit (Figure 3) was the fabrication of a model which could be
easily disassembled and cleaned.

Funds were not available to have

a unit constructed of stainless steel so a model was fabricated
using teflon foil-coated plexiglas for the sides and bottom and
plate glass for the interior floors, baffles, and trays.

The holes

in the horizontal trays were sandblasted through openings in a rubber
gasket template.

The unit was equipped with 2 cone-driven variable

speed (200 to 1,200 rpm) stirrers. *

* Catalog No .' S-76445, a product of the Sargent-Welch Co., Skokie, IL.
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2.

Selection of Extraction Solvent
Characteristics considered to be pertinent to the selection of a

solvent were solubility in water, specific gravity, flammability,
boiling point, solubility parameter, cost, and maximum permissible
or allowable concentration in air.

Other characteristics, such as

chemical stability and purification requirements, also required
consideration, however, these are too numerous to list or discuss.
The characteristics of 33 solvents, which have been reported to
be applicable to the recovery of trace organics (48), are presented
in Table IV.

The rational choice of a "good" solvent was constrained

by practical conditions and the unknown composition of the organics
present in the water.

Cohesive energy density concepts, which have

proven to be useful in polymer chemistry for describing the characteristics of solvents, polymers, and solvent-polymer interactions
(68), served as a guide in the selection.

The 2 main parameters

considered were the solub1lity parameter (b)* and the fractional
polarity (p) * of the solvents and the organics which could potentially be in the water.

Initially, it was hoped that 2 extraction

solvents could be employed to isolate a more complete spectrum of
trace organics.

However, large-scale field recovery operations with

multiple solvents would have resulted in a significantly more costly
and cumbersome system, and except for the extractor evaluation
studies, only 1 solvent was used.

* For a detailed explanation of these 2 parameters and their function
in solvent selection see "Industrial Solvents" (68).
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TABLE IV.

CHARACTERISTICS OF POTENTIAL SOLVENTS FOR SOLVENT EXTRACTION
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35,000
670
150,000
620
50

1.02
0.87
0. 81
0.88
0.86

Yes

184.3
80.1
117.5
126.1
183

100
116
382
840
150

1.26
1.59
1.11
1.49
0.78

No
Yes
No

46.3
76.8
132
61.1
81

m-Dichlorobenzene
a-Dichlorobenzene
p-Dichlorobenzene
1,1-Dichloroethane
Ethylacetate

123
145
79
966
35,000

1.29
1.30
1. 53
1 • 26
0.90

Ethyl benzene
Ethylenedichloride
Ethyl Ether
Hexane
n-Heptane

400
8,900
60,400
Insol.
1 51

0.87
1 . 26
o. 71
0.66
0.68

Isooctane
Isopentane
Isopropyl benzene
Isopropyl Ether
Methylene Chloride

60
97
144
9,000
20,000

0.69
0.62
0.86
0.72
1. 34-

99.2
27.9
152.3
69
40-41

Methyl Ethyl Ketone
231,000
Methyl Isobutyl Ketone 17 ,ooo
142
n-Octane
120
n-Pentane
120
Propyl benzene

0.80
0.89
0.70
0.63
0.86

79.5
115
125-6
36
159.2

Tetrachloroethane
Toluene
1 , 1 '1 Trichloroethane

1.60
0.87
1.35

Carbon Disulfide
Carbon Tetrachloride
Chlorobenzene
Chloroform
Cyclohexane

1,300
525
339

Yes

No
Yes
No

68
10.8
9.2
11 • 4

3.41
2.08
3.77
9.92
6.77

5
35
50-200
200

9.3
8.2

29.90
3.88
4.27
4. 91
4.00

20
25
20
100
300

172
179
174
56
77.1

9.1
9.1

159.00
24.00
5.72
62.20
3.82

50
75
100
100

136
84
34.5
68.7
98.4

8.8
9.2
7.4
7.3
7.5

6.94
3.56
4.96
1.31
7.20

150
100
500
500
300

5.28
4.00
29.50
3.68
4.69

50

146
11 o. 6
74

8.6

7.0
9.3
8.4
7. 1
10.4
8.9

0

..C..C+'

U2P..,

mg/1

1::1

..-1 ..-1 •.-!

500

3.20
6.28
41.30
4.20
1 98.40

200

6.34
1.70
9.58

10
500
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The ideal extraction solvent should be nontoxic, stable, nonflammable, significantly lighter or heavier than water, insoluble
and immiscible in water, easily separated from concentrated organics,
capable of dissolving both polar and nonpolar organics, not prone to
emulsion formation, easily purified, and noncorrosive.

A good

solvent was considered to be one which would dissolve a large number
of different polymers, and such a solvent can be defined as having a
solubility parameter (') value between 9 and 10 and moderate hydrogen bonding (70).

The solvents which satisfied these criteria were

eth ylene dichloride, ethyl acetate, chloroform, and dichloromethane.
Consideration of the solubility of each of these solvents in water
showed that chloroform would be the most desirable; the greater
difference in its specific gravity relative to water was also an
advantage with countercurrent extraction systems because it would
reduce the tendency for flooding.

Since benzene complimented chloro-

form in capability to remove aromatic compounds, it was used in the
evaluation tests of the contactors.

Both solvents had low water

solubility and both had been acceptable to other investigators for
concentrating organic contaminants (20,30,31).
A major characteristic of chloroform and benzene was their
ability to solubilize practically all organic materials; this excluded from consideration practically all polymers, except teflon
derivatives, commonly used in seals, cements, and model construction.
Two additional undesirable characteristics of benzene were the difficulty associated with separation of the solvent from the trace
substances in the final drying operation - (30), · and its flammability.
Use of a highly flammable solvent would have required that all
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electrical drives and control devices be of explosion-proof construction; this would have resulted in a very significant increase in
the cost of the recovery system.
3.

Laboratory Evaluation
In order to select the extraction contactor unit most suitable

for scaling-up to a prototype, a series of laboratory tests were
performed using a feed solution consisting of deionized water containing low concentrations of phenol.

Phenol was selected as the

test organic contaminant because it was a common trace pollutant from
industrial and natural activities, very toxic to aquatic life, and
acutely odorous when subjected to chlorination; in addition, it could
be accurately determined at low concentrations using gas-liquid
chromatographic analysis (greater than 1 mg/1) or colorimetric determination (less than 1 mg/1).
a

4-~1

In the chromatographic procedure,

sample was injected into a dual column, dual hydrogen flame

gas-liquid chromatograph* equipped with a recorder** using the following conditions:
Column#:

5-ft by 0.125-in. (1.5-m by 3-mm) stainless steel, 10% FFAP, 60/80 Chromosorb W
Temperature:
Injector 205°C, column 1880C isothermal
maintained for 12 min, hydrogen flame
ionization detector 210°C
Flow Rate:
Nitrogen carrier gas 30 ml/min, hydrogen
20 ml/min, air 250 ml/min
Attenuation:
2
Recorder Chart Speed: 30 in./hr (76 cm/hr)
Operation:
Single column

*Model 1520-1B, a product of Varian Aerograph, Walnut Creek, CA.
**Model 100507, a product of Beckman Instruments, Inc~, Fullerton, CA.
#A product of Varian Aerograph, Walnut Creek, CA.
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The concentration of phenol was determined from a calibration curve.
The chloroform extraction method (34) was employed to measure phenol
concentrations below 1 mg/1 and was sensitive to values as low as
1 pg/1.

An appropriate volume of sample or sample aliquot, contain-

ing less than 50 pg phenol, was treated with an ammonium chloride
solution, adjusted to pH 10 with ammonium hydroxide, and sequentially
mixed with appropriate volumes of aminoantipyrine and potassium
ferricyanide solutions; the color which developed was extracted with
chloroform, its intensity was read on a spectrophotometer* at 460 mp,
and the value used to determine the concentration of phenol from a
calibration curve.

It was originally thought that the residual

solute concentration could be measured by means of a total carbon
analyzer,** however, the slight solubility of either benzene or
chloroform in the raffinate caused a carbon peak which completely
overshadowed the peak from the remaining phenol.
a.

Packed Column
This extractor was evaluated in the laboratory only to estab-

lish solvent and water flow rates and to develop a workable model.
Originally, work on the packed column was hampered by the tendency
of the column plugs to blow-off before equilibrium had been reached
between the feed and extraction solvent, and the limited control of
solvent flow from the pumps# which were driven by induction type
electric motors and could not be adjusted by a rheostat.

The 1st

* Spectronic 20, a product of Baush & Lomb, Inc., Rochester, NY.
**Carbonaceous Analyzer, a product of Beckman Instruments, Inc.,
Fullerton, CA.
#Model 12-50, a product of the Micropump Corporation, Concord, CA.
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problem was solved by using threaded teflon connections into the
column plug.

The female threaded end of the teflon tube was placed

snugly in the glass hole; the male threaded end, outside the column,
was then screwed in forcing the female tube against the glass wall.
The pump control difficulty was overcome by means of a solid-state
speed controller* with 20-amp capacity.

The speed controller, based

on the pulse width modulation principle, allowed the rotative speed
of the pumps to be effectively varied between 35 and 100 percent of
rated.
During hydraulic tests, the packed column model was found to be
highly sensitive to small variations in flow; nonetheless, it was
decided to test it further in the field in order to determine its
ability to recover naturally occurring trace organics.
b.

Perforated Plate Column
Initial work with this unit consisted of hydraulic testing

undertaken to determine appropriate plate spacing, solvent and feed
flow rates, and workable tray orifice sizes.

The model was found

to operate satisfactorily at a water flow rate of 1 l/min and a
chloroform flow rate of 2 1/min.

Two 1-l/min pumps connected in

parallel were used to feed the chloroform to the upper tray.

Chloro-

form droplets did not form at all plate orifices, however, at least
60 percent of the holes were actively forming droplets.

Tests per-

formed with a 20 mg/l phenol solution and chloroform as the dispersed
phase, indicated that the 2-plate perforated column removed approximately 32 percent of the phenol.

It should be noted that these tests

*This controller was specifically designed for this application by
the Laboratory Manager of the Civil Engineering Department.
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were performed without the phenol solution rising countercurrently
to the chloroform phase because only 2 pumps were available at that
time and both were needed to obtain adequate solvent flow.
c.

Mixer-Settler
This contactor was found to be an ineffective extractor; when

tested with 10-mg/l phenol feed solution, the raffinate phenol concentration was the same as in the feed, indicating little solute
transfer from the aqueous into the solvent phase.

These results

were duplicated in 2 subsequent test runs and consequently this
design was dropped from further consideration.

Because it was sus-

pected that the poor performance of this unit resulted from the low
mixing energy supplied by the 2 cone-driven stirrers, even though
they were operated at maximum speed, it was decided to further
evaluate the mixer-settler principle using a high-energy mixer. *
A series of 3-l deionized or tap water samples containing 1 mg/1
phenol were placed in a fluted mixing bowl together with 300 ml of
either chloroform or benzene, and were mixed for differ ent int e rva ls
of time .

Test
No.
1
2
3
4
5
6

The results a re shown below.

Solvent

Mixing Time
min

Mixer Speed
rEm**

CHCl3
CHCl3
CHCl3
C6H6
C6H6
C6H6

10
10
15
3
6
9

2,940
2,060
2 ,900
2,880
2,880
2 ,880

Phenol Concentration, mg/1
Final
Initia l
1 .0
1 .0
1.0
1 .o
1. 0
1 .o

0.64
0.65
0.50
0.50
0.58
0.52

*Aero-Seal Chemixer, Model No. 2 6-400, a product of the VirTis
Company, Inc., Gardner, NY.
**Determined by a type 1531-A electronic strob-tacometer, a product
of the General Radio Company, Concord, MA.
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The recovery of low-concentration organics was greatly enhanced by
the higher impeller velocity and optimum mixing flask configuration
provided by this system; therefore, it was decided to continue the
evaluation of this type of contactor in the field.
d.

Summary of Characteristics
The scale-up potential of each contactor was considered primarily

on the basis of capital cost and anticipated characteristics in the
field.

The packed column, constructed from pyrex beaded drainline

pipe, was considered to be structurally inadequate because the allowable pressure for this type of pipe and coupling was 1 atm.

Higher-

pressure glass pipe employing cone connectors was significantly more
expensive, and the pipe to plug connections were not designed to be
quickly disconnected.
The perforated plate column could have been readily scaled-up
by use of larger diameter pipe and additional solvent pumping capacity
to enable a greater throughput of water.

A 2nd column following the

lead unit would have been desirable in order to obtain a higher percentage removal of trace organics.

More than 2 plates per column

section of pipe also would have been desirable; however, the placement of the interior assemblies within the column would have been
significantly more difficult.
The single-stage mixer extractor was comparatively simple to
scale-up using a stainless steel container, appropriately baffled and
equipped with inlet and outlet orifices, and a high-speed industrialtype mixer externally mounted.

Visual assessment of the interaction

between solvent and water was not considered to be essential since
this unit was analogous to a completely mixed reactor.
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Performance data for each model developed in the laboratory
evaluation studies are summarized below.

Contactor

Phenol Recovery,
Dei on.
Tap
Water
Water

%
Hydraulic
Stability

Scale-up
Potential

Significant
Characteristics

Poor

Costly

& delicate con-

Higher pressure

Packed
Column

trol needed.
Perforated
Plate
Column

32

Excellent

Good

Long retention
time between
water & solvent.

Mixer- ·
Settler

10

Sat isfactory

Costly

Mixer rpm possibly was too
low.

High-Speed
Mixer

50

N/A

Excellent

Short conta ct
time required.

4.
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Field Evaluation
Evaluation of the laboratory f indings showed that both the

perforated plate and packed columns could be used with littl e modification to recover trace organics in the field.

A support frame

was constructed to hold the columns, and additional pumping equipment
wa s provided to enabl e contin uous countercurrent flow.

The mixe r-

settler was found to be ineffective, and this contrasted with the
relatively superior performance of the high-speed mix er.

This wa s in

agr e ement with inf ormation presented by Hoa k ( 23 ) who f ound the extraction eff icien cy o f a c on t ac tor empl oyin g i mp e llers t o e ffect transfer of the org anics to the solven t to be closely related to i mpelle r
s peed.

Since the laboratory high-speed mixing app a r atu s was n ot

a d apt a bl e t o fiel d condit i ons , a s emi-continuous f low mixer- c on t actor
was developed, and consisted of a stainless steel 8 -ga l

(30.3-l)
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vessel * and a 3-speed heavy-duty mixer.**
baffles, made of 2 x 2 in.

Two 17-in.

(43.2-cm) long

(5.1 x 5.1 em) stainless steel angles, were

bolted to the interior wall and a 3-in. (7.6-cm) section of 0.375-in.
(0.95-cm) OD stainless steel tubing was welded to the v.essel to serve
as the raffinate outlet.
2-in.

The mixer shaft was fitted with 2 standard

(5.1-cm) stainless steel propellers to generate a high degree

of turbulence.

The system was designed to introduce the water and

extraction solvent near the top of the contactor and continuously
discharge the water-solvent mixture into a 5-gal (18.9-l) pyrex bottle
which provided the time and quiescent conditions necessary for the
solvent to separate from the water.

The solvent was then pumped#

from the pyrex bottle back to the contactor for further extraction.
Hydraulic detention times in the range of 3 to 15 min had been found
to exert little influence on the ability of the contactor to transfer
phenol in the laboratory studies; consequently, a 4-min detention
was used in the field system.
Field evaluation studies were conducted at Meramec Spring, a
subsurface water source, and at the Gasconade River, a relatively
unpolluted surface water.

Both locations had been studied by Univer-

sity of Missouri-Rolla researchers (18,30,31) and were conveniently
located to the campus.
A 5-kw butane-propane fueled electric plant## provided the needed
power at both locations.

The arrangement employed at Meramec Spring

* A surplus solvent container made of 316 stainless steel was used.
* *Lightnin Model 10, a product of the Mixing Equipment Co., Inc.,
Des Plaines, IL.
#Model 12-50, a product of the Micropump Corporation, Concord, CA.
##Model 5RMK61, a product of the Kohler Co., Kohler, WI.
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is shown in Figure 4.

The procedure followed consisted of allowing

each unit to contact 100 1 of water with 6 1 of solvent (chloroform
or benzene).

Water was pumped to the column extractors continuously

at a rate of 1 1/min and solvent was introduced to the packed column
at approximately 0.8 1/min and to the plate column at either 2 or

3 1/min.

The high-speed mixer was operated on a fill-and-draw basis

with a water-solvent contact time of 4 min.

All extraction solvents

used in these tests were fresh and were transported to the field only
in stainless steel or glass containers.

At the end of each run the

volume of the contacted solvents was reduced by distillation in the
laboratory to less than 200 ml, and the residual was further concentrated on a steam bath to dryness.
The field data are presented in Table V.

After the Meramec

Spring run, the packed column was no longer considered as an acceptable alternative because of the sensitivity of the unit to
solvent and aqueous feed rates; however as can be seen from the
data, this column was an effective contactor for the recovery of
naturally occurring trace organics.
tested at both field locations.

The perforated plate column was

This unit performed very respectably

at the Gasconade River, probably as a result of the increased solvent
feed rate (3 1/min) made possible by the addition of a 3rd solvent
pump.

Its flow characteristics were very stable, and the unit re-

quired little attention to function properly.

The potential for the

perforated plate column as an efficient and relatively inexpensive
monitoring unit appears to be good.
effective at both recovery sites.

The high-speed mixer was the most
The short period of contact between
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TABLE V.
Water
Source

EVALUATION OF SOLVENT EXTRACTION CONTACTORS - SUMMARY OF FIELD RECOVERY DATA

Date

Type of
Contact or

Extraction
Solvent

Water
to
Solvent
Ratio

Volume
of Water
Contacted
l

Packed
Column
Meramec
Spring

Gasconade
River

3/ 11-13/ 71

3/26/ 71

Perforated
Plate Column

C6H6

Perforated
Plate Column

CHClJ
C6H6

High-Speed
Mixer

CHClJ
C6H6

Quantity

Concentration

mg

}.lg/ 1

75.9

759

30.1

301

59.7
52.0

746
520

14.1
8.4

141
84

13.8
14.8

138
148

100

CHCl3

High-Speed
Mixer

Trace Organics Recovered

16.7/ 1

80

100
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the solvent and water was a major advantage; however, the unit required a significant amount o£ attention and considerable effort.
A summary o£ pertinent characteristics of the 3 extractors is
presented in Table VI.

The high-speed mixer was found to be the

most suitable £or further development and use.

The unit was effec-

tive in recovering organics, lightweight and extremely rugged, and
easily cleaned; in addition, several surplus type 316 stainless solvent cans had been purchased and were available for making the contactors.

B.

FIELD RECOVERY EQUIPMENT

The final arrangement o£ the SEM field recovery system (Figure 5)
consisted o£ the stainless steel contactor, a mount for the heavyduty mixer, a 5-gal (18.9-l) settling unit, a 2.5-gal (9.5-l) solvent
reservoir, 3 solvent pumps (1 1/min) equipped with a speed controller,
2 platforms, 2 55-gal (208-l) solvent drums (1 empty and 1 full o£
chloroform), and the associated solvent and water £low conduits.
The water feed to the extractor was through a 0.25-in.

(0.64-cm)

tygon line connected to the water pump which was used to supply the
CAM system.

The contacted water-solvent mixture £lowed by gravity

to the settling unit where the solvent was allowed to separate before
being returned to the contactor.

One o£ the solvent pumps was used

to transfer fresh solvent £rom the reservoir to the contactor, another
was employed to recirculate the separated, contacted solvent, and the
3rd was utilized to pump solvent £rom the drum to the reservoir.
Because chloroform (sp gr 1 .49) was selected as the extraction solvent, the intake o£ the solvent recirculation pump was extended to the
bottom and the contacted water was allowed to overflow.
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TABLE VI.

SUMMARY OF SOLVENT EXTRACTION CONTACTOR CHARACTERISTICS

Characteristic

Packed Column

Type of Contactor
Perforated
Plate Column

High-Speed
Mixer

Ability to
Recover Organics

Excellent

High Throughput of Water

Requires extended Requires extended
contact period
contact period

Ease of Disassembly &
Cleaning

Rapidly disassembled; cleaning of
berl saddles time
consuming

Ease of
Operation &
Control

Unit performed
Most difficult of
adequately over
3; small variwide range of
ations in flow
water & solvent
caused washout
flows

Easily operated &
controlled; no need
for levelling or
auxiliary support

Fabrication
Cost

Highest, higher
quality pyrex
High, unless
pipe; more acproven design
curately control- available
led solvent &
water flows

Lowest for largescale operation

Good with sufficient number of
plates

Not complex but
trays & baffles
must be positioned & cleaned

Compatibility
to Field
Recovery

Glass construction

Glass construction to observe
droplets; somewhat heavy

Power
Requirement

Slightly greater
than perforated
plate column

Lowest

Excellent
Short contact
time
Simply disassembled & cleaned

Both light weight

& nonfragile; no
need to observe
contacting of
wate r & solvent
Higher due to
energy for mixing
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The CAM recovery system utilized 5 large-capacity columns which
had been constructed by Wagher (31) in his effort to evaluate the CAM
by parallel small-scale SEM studies.

Each column (Figure 6) had a

capacity of 0.196 cu ft (5.6 l) and had been fabricated of steel fire
extinguisher bottles whose surface had been sandblasted and then
coated with a highly inert epoxy finish. *

Four of the columns were

used as activated carbon adsorption units, while the 5th served as a
sand prefilter.

The carbon bed in each unit consisted of 360 g of

fine carbon, ** forming a 6-in.

(15.2-cm) central layer, bounded on

the top and bottom by 3-in. (7.62-cm) layers of coarse carbon,# each
containing 354 g.
mesh, silica sand.

The sand filter was filled with washed, 16 x 20The activated carbon was replaced after each run,

however, the sand bed was retained.
The units were arranged (Figure 7) in 2 parallel banks, 1 consisting of the sand filter and 2 carbon filters in series, and the
2nd of only 2 carbon filters; in this manner, the effect of turbiditycausing particles on trace organic recovery could be isolated.

The

individual filter units were connected by unions for ease of assembly,
and the influent pipe to the 2nd carbon filter in each series had an
orifice for the feeding of an appropriate acid solution to adjust the
pH of the water.

Water was pumped through the units at the rate of

3 1/min by a 0.75-hp (0.56-kw) electrically-driven water pump, and
acid solution was introduced to the appropriate units by an acid feed

* This finish consisted of 1 coat of primer (No. 368) followed after a
24-hr drying period by 2 coats of finish (No. X2301-114); the units
were then heat-cured at 2100F (88.9°C) for 24 hr.
The epoxy materials were products of the Carboline Company, St. Louis, MO.
**Nuchar C-190, +30 mesh, a product of Westvaco, Covington, VA.
#Norit, 4 x 14 mesh, a product of Norit, Amsterdam, Netherlands.
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pump mounted on the lid of a 30-gal (114-l) solution tank equipped
with a stainless steel mixer.*

All piping was 1-in. (2.54-cm) gal-

vanized pipe, except for the acid feed lines which were 0.25-in.
(0.64-cm) plastic tubing.
a 4-ft x 8-ft x 0.75-in.
forced with 2 x 4-in.

All equipment was located (Figure 7) on
(1.2-m x 2.4-m x 1.9-cm) platform rein-

(5.1 x 10.2-cm) members and supported by 1-in.

(2.54-cm) OD steel pipes pinned through flanges secured to the platform.

One edge of the platform was placed on shore and the opposite

side was supported and leveled by means of the adjustable pipes.
A necessary companion to the CAM and SEM equipment in the field
recovery of organic micropollutants was the mobile field-support
laboratory shown in Figure 8.

This laboratory was developed from a

16-ft (4.88-m) trailer** and housed the necessary analytical and
other auxiliary equipment; in addition, it provided a secure storage
area while on location.

Table VII summarizes all major equipment

and accessories which were found to be essential components of
the field trace organic recovery system.

Two University 0.75-ton

(0.68-metric ton) trucks, 1 4-wheel drive and 1 equipped with a
hydraulic tail-gate lift, were needed for transporting this equipment and the mobile laboratory to the field location.

C.

RECOVERY PROCEDURES
Preparation for moving to a field site included an initial

survey visit to coordinate with the appropriate officials, establish

*This assembly was manufactured by Wallace & Tierman and was purchased
from the Lesco Division of Sidener Supply Co., Granite City, IL.
**A product of Play-Mor Trailers, Inc., Westphalia, MO.

6')

I

II

12-8

Toilet

t=:: .,
b
_,

I

I

(0

I

Stove

0

Ice
Box

Sink

Counter with
Water Tonk

I

t=~

1-

Cabinet

~

Bottles

0

5-kw Electric Plant

0

2

I in. = 2.54 em
I ft = 0 .3048 m

4

ft

Figure 8.

MOBILE FIELD-SUPPORT LABORATORY

66

TABLE VII.
Major
System

TYPICAL EQUIPMENT LIST FOR FIELD RECOVERY SYSTEM

Qty.
4

2
1
2.

1
2
2

3
1

Components or Items
Bottles, pyrex, 2 3-gal (11 .4-l) & 2 5-gal (19-l)
Contactors, stainless steel with mixer support
Container, solvent, 8-gal (30.3-l)
Drums, chloroform, 1 full & 1 empty
Funnel, stainless steel, 6-in. (15.2-cm) diam
Mixers, 3-speed, with shafts & propellers
Platforms
Pumps, solvent, 1 l / min with teflon lines & controller
Assembly, acidification, including tank, acid pump,

& stirrer
6

6
2

1
2
1
1

3
1

1
2

1
1
rn
...-i

0
0

E-i

1

•

Assemblies, pipe, connected with unions
Bottles, sulfuric acid, concentrated, 9-lb (4.1-kg)
Filter platforms, activated carbon, 2 filters/platform
Filter, sand, & associated plumbing
Meters, water, & connecting plumbing
Platform, 4-ft (1 .22-m) x 8-ft (2.44-m), with adjustable legs
Pump, water, with 16-ft (4.9-m) intake & bypass
Extension cords & adapters (6 ea)
Generator, 5-kw with cart & LP gas bottle (optional)
or
Line, electrical, 400-ft (122-m) (optional)
Chests, plywood, styrofoam-lined for analytical
instrumentation, glassware, additional teflon tubing,
clamps, scissors, stopwatch, teflon tape, & polypropylene slings, tissue, deionized water
Meter, pH, & phosphate buffer (7.00)
Turbidimeter, Hach, & standard turbidity solution
Tools, assembly, including 2 pipe wrenches, 2 8-in.
(20.3-cm) crescent wrenches, & pliers
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the exact sampling location, determine special construction

requir~

ments including the length of the intake line, and investigate power
availability.

Although a 5-kw electric plant was available, line

power was preferred for convenience and economic considerations.

The

4 carbon filters and associated plumbing were washed with a mild
cleaner and rinsed well; the filters were then loaded with fresh
activated carbon and washed to remove fines.

All required equip-

ment (Table VII) was assembled, cleaned, serviced, and together with
sufficient quantities of chemicals, was loaded on the appropriate
transport vehicle.
Upon arrival at the sampling location, the mobile laboratory
was positioned and leveled and the equipment on the 2 trucks was
unloaded.

The power connection was made.

The plywood platform was

carried to near the edge of the water, positioned by setting the
adjustable legs to the proper height, and the CAM equipment was assembled and connected.

With the bypass valve open, the pump was al-

lowed to run for approximately 5 min to flush out the inlet lines
and sand filter.

The valve to each filter bank was then opened,

the flow through the units was balanced at 3 1/min, and initial
readings of the water meters were taken.

The acid tank was filled

with approximately 28 gal (106 l) of water and a 9-lb (4.1-kg) bottle
of sulfuric acid was carefully added.

Feeding of acid solution to the

No. 2 carbon filters was begun, and by determining the pH of the
effluent from this filter, the acid flow was adjusted to attain the
desired value.

The CAM system was then on-line, and required only

periodic attention to maintain the flow rates, backwash the sand
filter when needed, and replenish the acid solution in the reservoir.
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Sampling continued until the appropriate volume of water had been
passed through the filters.
The SEM system was then assembled and connected to the water
pump by the tygon tubing.

Six l of chloroform were pumped from the

drum to the solvent reservoir.

The water flow to the contactor was

adjusted to 2 1/min and allowed to fill for 10 min (a volume of 20 1).
The solvent pump was then activated and 1.5 l of chloroform were
transferred to the contactor; the heavy-duty mixer was then started
and set to operate at maximum• speed.

After a 4-min mixing period,

the water line was again connected to the contactor and the discharge
line was opened and adjusted to give a flow of about 2.5 1/min.

The

solvent pump was again turned on and operated at about 0.3 1/min
until an additional 1.5 l
contactor.

of solvent had been transferred to the

From this point on, the solvent recirculation pump was

operated intermittently at about 1 1/min as necessary to return the
separated solvent to the contactor.

After 25 min, or halfway into

the run, the remaining 3 1 of fresh chloroform were pumped to the
contactor.

When 100 l of water had been contacted the lines were

disconnected, the solvent pumps and mixer were turned off, and the
solvent was drained into the settling unit.

After separation, the

contacted solvent was transferred into the clean, empty drum and the
extraction procedure was continued until approximately 3,000 l of
water, in 100-l increments, had been extracted.
During the period of the sampling run, which lasted from 5 to
7 days, routine turbidity and pH measurements were made.

At the

end of the run, the equipment was disassembled, loaded on the trucks,
and returned to the laboratory.

At least 2 people were required for

69

the transport of the equipment, however, the sampling process itself
could be conducted by 1 person.

The amount of work required to

sustain the recovery system necessarily limited comprehensive ancillary testing.
After the carbon columns were returned to the laboratory, they
were disassembled and the activated carbon from each filter was
spread onto a teflon-lined wooden tray [24 x 26 x 3 in.
7.6 em)].

(61 x 66 x

The 4 trays were then placed in a clean walk-in incubator*

where the carbon was allowed to dry at 400C for 5 days.

During this

period, the carbon was stirred gently with a large spatula at least
twice daily.
Concomitantly, stripping of the chloroform from the chloroformextract mixture was begun.

The solvent was filtered through glass

wool and placed in 3-l round-bottom boiling flasks together with a
few glass beads.

Three all-glass distillation apparatus were used

and each was equipped with a 500-w heating mantle and an 8-amp
laboratory rheostat.

The stripping rate was adjusted so that a

2-1 volume would be reduced to 200 ml in approximately 1.5 hr and an
especially developed timer was employed to facilitate control of the
distillation process.
Three modified Soxhlet extractors** were employed to elute the
trace organics from the dried carbon, and the procedure outlined in
Standard Methods (34, p.263) was essentially followed.

The activated

carbon was placed in the extractor and was continuously eluted with

*Model 704, Constant Temperature Room, a product of Lab-Line Instruments, Inc., Melrose Park, IL.
**Pyrex No. 3885, products of the Corning Glass Works, Corning, NY.
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redistilled chloroform for 24 hr (approximately 48 cycles).

After the

chloroform elution had been completed, the organic-laden chloroform
was filtered through a fine sintered glass filter under vacuum, and
was then placed in a distillation apparatus where its volume was
reduced to 200 ml as outlined previously.

The chloroform-eluted

carbon was then drained to remove residual chloroform and was again
distributed in a drying tray and returned to the incubator for at
least 2 days, until the odor of chloroform could no longer be
detected.

The carbon was again placed in the Soxhlet apparatus and

was further eluted with 95 percent ethanol for an additional 24 hr,
following the same procedure as with chloroform.
The residual 200-ml volume of solvent (chloroform or ethanol)
containing the concentrated extract was transferred to an erlenmeyer
flask and further allowed to concentrate on a steam bath placed
inside a fume hood.

When the extract volume had reached about 30 ml

it was stepwise transferred into a tared, etched 15-ml sample bottle
and slowly brought to constant weight.

A summary of the field concentration and laboratory recovery
procedures is presented in Figure 9.

These procedures, except for

minor modifications dictated by local conditions at a sampling
location, were followed in recovering trace organics during the
course of this investigation.
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IV.

RECOVERY OF TRACE ORGANICS

Trace organic materials were recovered from 3 Missouri waters,
2 rivers and 1 lake, using the large-capacity CAM and SEM previously
described (Chapter III).

The CCE, CAE, and SCE obtained were uti-

lized in chemical (Chapter V) and toxicological (Chapter VI)
characterization studies.
A.

LOCATIONS
The selection of the 3 sampling locations was guided by the

following primary considerations:

suspected epidemiological im-

portance, diversity of water characteristics, availability of related information obtained in previous investigations, and proximity
to the University laboratory.

Based upon the information available

to the investigator, the following waters were chosen:

the Gasconade

River, the Springfork Lake, and the Missouri River.
The Gasconade River was principally an agricultural and recreational stream; however, an upstream tributary, the Big Piney, did
receive domestic and industrial pollution from municipal waste treatment lagoons, as well as effluent from the trickling filter plant at

Ft. Leonard Wood.

The relatively low degree of pollution, the

proximity to the University and previous experience (Chapter III)
with this location, and the availability of recovery data from previous
studies influenced the selection of Gasconade River as the initial
recovery location.
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Springfork Lake served as 1 of 3 alternatively used water supply
sources* for the City of Sedalia.

Epidemiological investigations

conducted at the University of Missouri Environmental Health Surveillance Center, with which this research effort has been associated,
had uncovered a geographic difference in the frequency of birth
defects in humans and pigs in the Sedalia area, and had established
a suggestive correlation with the use of the lake water.

The recovery

of trace organic contaminants at Springfork Lake was therefore well
justified and was undertaken in an attempt to further define the
toxicological character of this water.
The Missouri River received a variety of industrial waste inputs,
numerous partially treated domestic waste effluents, as well as agricultural pollution and runoff from a large area.

The River had been

the object of many other studies (17,30,38,39,71) and had served as
a source of water for solvent extraction investigations conducted at
the University of Missouri-Rolla (30).

Despite the relatively low

raw water quality of the river water, water purveyors have been able
to produce a treated water which is both potable and palatable,
however, there has been increasing concern over the trace organics
content of the water.
B.

FIELD SAMPLING

Field sampling was conducted in the summer and early fall of
1971 and was followed by extensive laboratory work to separate and
recover the trace organic materials which had been either adsorbed
on the activated carbon or concentrated in the solvent.

*The other 2 sources were Flat Creek and a deep well.

The
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arrangement of the CAM and SEM equipment at the 3 recovery sites is
shown in Figure 10 and flow and water quality data for the 3 sources
are presented in Table VIII.

Also given in this table is information

pertaining to the recovery of organic micropollutants at Meramec
Spring, a Missouri subsurface water, by Grigoropoulos and Smith (18);
material obtained in their study was used in the characterization
work reported in the following chapters.

Turbidity measurements in

the raw or treated water · influent and in the effluent from the 2nd
activated carbon column in the series were made in an effort to
establish column breakthrough, and the values are reported in
Table IX.
Water quality determinations were made in accordance with the
procedures outlined in Standard Methods (34).

Chemical oxygen demand

(COD) was determined by the dilute method (34, p.495) which involved
refluxing for 2 hr a 20-ml sample with 10 ml 0.025N potassium dichromate and 30 ml concentrated sulfuric acid in the presence of mercuric
sulfate and silver sulfate; the mixture was cooled and the excess
dichromate was titrated with 0.01N ferrous ammonium sulfate using
ferroin as the indicator.

Alkalinity was measured (34 , p.52) by

titrating a 50-ml sample with 0.02N sulfuric acid to the methyl
orange end point.

Turbidity was measured by the nephelometric method

(34 , p.350) using a turbidimeter* which was standardized relative to
a formazin standard.

A pH meter** was used to determine the pH

values of the samples (34, p.276).

* Model 1860, a product of the Hach Chemical Company, Ames, IA.
**Zeromatic, a product of Beckman Instruments, Inc., Fullerton, CA.
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a . Gasconade River at Jerome

b. Spring fork Lake near Sed a I i a

c. Missouri River in Jefferson City

Figure 10.

FIELD RECOVERY EQUIPMENT ON LOCATION
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TABLE VIII.

Source

FLOW AND WATER QUALITY DATA FOR SAMPLING LOCATIONS
AND MERAMEC SPRING

Date o:f
Sampling

Gasconade
River
at
Jerome

6/30/71
7/01/71
7/02/71
7/03/71
7/04/71
7/05/71
7/06/71
7/07/71

Spring:fork
Lake
near
Sedalia

7/30/71
7/31/71
8/01/71
8/02/71
8/03/71
8/04/71

Missouri
River
at
Je:f:ferson
City
Meramec
Spring
near
St. James**

10/04/71
10/05/71
10/06/71
10/07/71
10/08/71
10/09/71

1/09/661/22/66

Discharge*
c:fs
920
890
850
830
800
790
790
780

NA

55,000
56,000
55,000
54,000
54,000
54,000

120 (avg)

pH

Turbidity
units

Alkalinity
mg/1 as CaC03

8.1
8. 1
8. 1
8.1

42
13
13
10

8.8
8.8
8.8
8.8
8.8
8.8

6.5
6.0
4.9
4.1
5. 7
4.7

104

7.8
7.8
7.8
8.1
8.0
7.9

85
54-66
53
43-77
76

145

7.5#

120

120#

4.1 #

.

. . .
cr
Surve y,
*Obta1ned :from the Water Resources D1v1s1on, U. S. Geoloo1cal
Rolla, MO.
**Reported by Grigoropoulos & Smith (18).
#Determined on March 13, 1971.
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'l'AHLE IX.

RAW, TREATED, AND CARBON COLUMN EFFLUENT DATA

Sampling Location
Through- Gasconade River at Jerome Springfork Lake near Sedalia
Missouri River at Jefferson City
put
Raw
Effluent Filter 2
Raw
Effluent Filter 2
Raw Eff . Fil- Treat ed Eff. FilWater
NF*
WF*
Water
WF
NF
Water ter 2 - WF Water
ter 2 - NF
l
Turbidity, units
0
2,120
2,770
3,020
3,450
3,640
4,080
6,640
8,240
8,500
8,695
1o, 560
1o, 940
12,81 0
16,220
16,760
18,210
22,400
22,850
23,015
24,720
26,.040
27,170
27,520
30,190
*WF:

6.5

3.6

6.0

2.9

4.9
4.1
4. 5
42

4 .5

43
49
19
24
29
32

1.8
3.5
1.6
2. 7
0.9
1.5

0.6
0.4
0. 3
0. 2
0. 2
0.5

53
77
43

33
26
30

0. 4
0. 2
0. 2

0. 2
0.2
o. 1

76
50

23
28

1.0
0.3

0. 2
0.3

3.8

3. 1

2.2
1.5
1.7

2.4
2.1
2.3

1.7
1.8

2.3
1.8

1.7

1.8

6.4

13

4.3

5 .o

13
10
13

4 .4
2.5
2.9
5 .o

4.8
4.1
5.6
11.0

5.7
4 .7
4.0

13

85
66
54
55
60
66

'

with filtration (sand) preceding Filter 1; NF:

no filtration (sand) preceding Filter 1.
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1.

Gasconade River at Jerome
The sampling site on the Gasconade River was established immedi-

ately above (west) its confluence with the Little Piney River, about
1 mile from Jerome.
on July 7.

The run began on the evening of June 30 and ended

The pH of the water entering the 2nd carbon filter of each

parallel bank was adjusted to 2.5, and a sand prefilter was employed
ahead of the carbon filters in 1 of the banks.

The run was termi-

nated when the effluent turbidity of the bank without a sand prefilter closely approached the influent turbidity.

Nearly equal

volumes had passed through the 2 sides, respectively, 32,640 and
33,640 1 for the sides with and without sand filtration.

During

the sampling period approximately 2,900 1 of water had been solventextracted.

No problems were encountered with emulsion formation

or in the separation of the solvent and aqueous phases.

Because of

the proximity of this site to the University, the contacted chloroform was taken to the laboratory and the stripping operation was
begun prior to the end of the run.
2.

Springfork Lake near Sedalia
Preliminary studies were performed at this location to obtain

information on the distribution of trace organics at various sites
around the lake.

The batch-type SEM procedure recommended by ASTM

(48) was utilized and the recovery data are given in Table X.

On

the basis of these data, and considering power availability and
accessibility, a site between the boat dock and water intake (but
nearer the boat dock) was selected for the full-scale run.

The

carbon filters were placed on-line on July 29, and filtration was
halted on August 4, after about 24,700 1 of water had passed
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TABLE X.

Location

PREL IMINARY BATCH SEM STUDIES AT SPRINGFORK LAKE *

Trace Organics Data **
Concentration
Solvent#
pH
.ug/1
Indiv. Total
CHCl3

Near
Water
Intake

7.6
3.0
11 • 0

133
153
53

339

C6H6

7.6
3.0
11 • 0

207
240
147

594

CHCl3

7.6
3.0
11 . 0

153
187
80

420

Near
Boat
Dock
C6H6

7.6
3.0
11 . 0

193
213
153

559

CHCl3

7.6
3.0
11 . 0

213
160
87

460

At
Influent
Creek
C6H6

7.6
3.0
11 • 0

1 53
380
167

Water Quality Data
Turb- Alkalinity
COD
pH
idity
mg/ 1
mg/ 1
Units
as CaC03

20

7.6

36

70

26

7.6

31

76

14

7.6

14

136

700

*Sample s collected on December 8, 1970.
**Sequential extraction of 15-1 samples at natural (7.6), acidic
(3.0), & alkaline (11 .0) pH levels.
#A 1:12 solvent:water ratio was us ed .
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through both pairs of carbon filters.

The influent to the 2nd filters

was not acidified at Springfork Lake due to the limited supply of
elect_r ical power available.

Various combinations of loads on the

source showed that the solvent extraction motor and pumps, the water
pump, and the acid feed pump could not be operated at the same time.
Therefore, the acid feed system was not operated.

Sand filtration

(Table IX) had only a minor effect on the turbidity of the carbon
effluents.

Approximately 3,400 1 of water were contacted with chloro-

form, and it was observed that solvent extraction was not removing a
faint yellow color which was characteristic of the lake water.

Algal

activity in the lake was apparent when the sunlight struck the water.
On August 2, an environmental geochemistry team of the U. S.
Geological Survey (USGS), at the request of the University of Missouri
group ; which was investigating the toxicological potential of Springfork Lake, collected 2 water samples at different depths and a
bottom mud sample.

All samples were obtained within 15 ft (4.6 m)

of the Sedalia water intake, and at that point the lake was 22 ft
(6.7 m) deep.

The samples were analyzed at the USGS laboratories in

Denver to determine the trace element content of the water, and the
results are summarized in Table XI (72,73).

Of these substances

only iron, manganese, and selenium exceeded the 1962 Drinking Water
Standards (12); the corresponding limits for the 3 elements are 300,
50, and 10 pg/1, respectively, and of these only selenium is considered to have a health significance.
3.

Missouri River at Jefferson City
Recovery work using Missouri River water was undertaken in

Jefferson City, and the recovery system was located inside the
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TABLE XI.

Sample

CHEMICAL COMPOSITION OF SPRINGFORK LAKE WATER
AND BOTTOM MUD*
Analytic
Method#

Aluminum
SG
Arsenic
CM
Barium
Beryllium
Bismuth
SG
Boron
Cadmium
(Cadmium)
AA
Calcium
Chromium
Cobalt
Copper
SG
Gallium
Germanium
Iron
Lanthanum
Lead
SG
Lithium
AA
Magnesium
SG
Manganese
Mercury
AA
Molybdenum
SG
Nickel
Niobium
Potassium
Scandium
CM
Selenium
Silver
Strontium
Tin
SG
Titanium
Vanadium
Ytterbium
Yttrium
Zinc
SG
(Zinc)
AA
Zirconium
SG
Temperature, oc

pH
Sp Cond, umhos/ em
Alka linity, mg/1
TDS, mg/1

Water Collected at
1.5 m
5.8 m
ug/ 1

160

250

1

6

84
0.6
2
13

30

260
0.8
3
32
40

1

1

2
2

6
3
30

Analytic
Method#

Bottom
Mud Sample
%
ppm

7
11
700
SQSG

1

<det limit
50
<det limit
2

15
0.6
3

1
4

230

5,700

7
10

5
10

70
7
70
15
<det limit
2

50
30
<det limit
2

250
0.5
0.8
4

2,500
0.5

1,000
0.12
<det limit

SQSG

0.9
10

15

10
1.5
8
2

94
3
9
2

7
0.7
<det limit
70
<det limit

28
0.4
82
4

3
13

0.3
100
2

120
10
6
28
8.2
215
104
186

170
10
30
25

7.7
21 5
120
261

20
<det limit
100
SQSG
Note Water and mud samples collected within 5 m of the Sedalia Water Treatment
Plant intake

* Samples collected & analyzed by the Water Resources Division
(Rolla & Denver) & Geological Division (Denver) of the U. S.
Geological Survey.
#AA:
atomic absorption, CM:
colorimetric, SG:
spectrographic,
SQSG:
semiquantitative spectrographic.
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low-lift pump station of the Capitol City Water Company.

This sampl-

ing location afforded the opportunity for studying both raw and
treated river water.

The treatment applied at the Jefferson City

plant is outlined in Figure 11.

Raw water was obtained from the

discharge side of the intake pumps by connecting a 0.75-in. (1 .9-cm)
copper line to an existing sampling port, and finished water was
taken from a storage reservoir located near the pump station.

The

side of the CAM system which utilized the sand prefilter was used to
sample the raw water and the other side was used for finished water.
The pH of the influents to the 2nd filters in each bank was adjusted
to achieve the least effluent turbidity (Table IX), and a pH value
of 2.5 was chosen as optimum.

The CAM run lasted 6 days, from

October 4 to October 9, and during this period 12,590 l of raw and
15,660 l of finished water were sampled.

The solvent extraction

process was not as successful with the Missouri River water as it
was with the previous waters tested.

Emulsion formation occurred at

each of the available mixer speeds, and pH adjustment offered no
advantage.

It was found necessary to reduce the contacting time to

2 min (50 percent of the normal) in order to minimize the emulsion
problem.

Despite the difficulty, approximately 3,470 l of raw river

water were contacted.

It should b e reported that on the 2nd day of

recovery a sand dredge worked in the vicinity of the water intake
line ann this may have influenced the recovery operation in some
manner.

An attempt was made to evaluate the ability of the activate d
carbon to remove organics from treated water using the direct infrared carbon determination method developed by Menzel and Vaccaro (56).
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Missouri River

I

Activated Carbon
Chlorine

Presedimentation
Chlorine
Fluorine
Ferrous Sulfate
Flocculation a
Sedimentation

Recarbonation

Rapid Mix

Carbon Dioxide

Lime
Chlorine
Activated Carbon
Ferrous Sulfate

Flocculation a
Sedimentation

Recarbonation

Carbon Dioxide
Chlorine
Phosphate

Sand Filtration
Ammonium Sulfate

Clear Well

l

Treated Water

Figure 11.

FLOW DIAGRAM OF THE CAPITOL CITY WATER TREATMENT PLANT
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This test consisted of placing a 5-ml sample in a precombusted
(5500C) 10-ml ampul, adding 0.1 g potassium persulfate and 0.2 ml
3 percent phosphoric acid, and bubbling nitrogen gas through the
mixture for 3 min at the rate of approximately 200 ml / min to drive
off any inorganic carbon in the sample.

Silicone grease was inserted

in the open end of the ampul, and the ampul was sealed using an
oxygen-acetylene torch and autoclaved for 30 min at 12QOC to oxidize
organic matter to carbon dioxide.

The ampul head was ·inserted into

a rubber pressure line connected to the regulator of a nitrogen
bottle.

A 4-in.

(10-cm) cannula, attached by pressure tubing to

the infrared detector of a total carbon analyzer* through an acid
wash solution (20 g potassium iodide in 50 ml 10 percent sulfuric
acid) and a dessicant tube containing magnesium perchlorate, was
inserted into the pressure line holding the ampul.

The lines were

purged with nitrogen flowing at 200 ml/min until the recorder baseline stabilized.

The head of the ampul was snapped and the cannula

was inserted into the oxidized sample.

Sufficient time was allowed

for the purged carbon dioxide to reach the infrared analyzer and
the peak height of the recorder trace was used in conjunction with a
calibration curve to determine the carbon content of the sample.
The calibration curve spanned the range between 40 and 160 ~g C/ 1
and was generated by using glucose as a standard; the reproducibility
of the calibration curve was found to be excellent.
Samples were collected of the finished water and the finished and
raw Missouri River water after they had passed through the 2 activated

* Carbonaceous Analyzer, a product of Beckman Instruments, Inc.,
Fullerton, CA.
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carbon columns.

The samples were transported to the laboratory each

evening and were refrigerated at soc.

Time did not permit the immedi-

ate analysis of the samples, or even their oxidation in the sealed
ampul, and the initial carbon tests were performed 7 days after
returning from the field.

Unfortunately, unknown to the investi-

gator, the following day the analyzer was inadvertently adjusted by
others for routine high-level carbon measurement by changing the
shutter adjustment and gain control.

When the next group of tests

were run, it was necessary to use many standards in an effort to
realign the instrument and this exhausted the supply of ampuls.
After another shipment of ampuls had been received 2 wk later, the
remaining samples were again run; however, the data indicated a
marked change in the carbon quantity of the samples which could
have resulted from the prolonged storage.

The limited data con-

sidered to be valid are given below.

Type
of Sample
Treated Water
2nd Carbon effluent
2nd Carbon effluent

Date of
Sampling
Beginning of CAM run
Beginning of CAM run
End of CAM run

Organic Carbon Content
J.lg C/1
160
54
146

Although a meager quantity of data was collected due to the unforeseen operational mishap, nonetheless, it was felt that the potential
of this test in the trace organics field was demonstrated.
4.

Meramec Spring near St. James
This subsurface water sampling point was employed in studies

conducted by Grigoropoulos and Smith (18,24).

Trace organic pol-

lutants were concentrated by 3 large-capacity activated carbon
filters in series at the natural pH of the water, and then
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sequentially extracted with chloroform, ethanol, benzene, and acetone.
Two runs were made and the CCE and CAE from the 2nd filter of the 2nd
run were employed in the present investigation.
RECOVERY
The activated carbon used in the field studies to adsorb and
~oncentrate

trace organic substances, and the chloroform used to

3olvent extract these organics were brought to the laboratory where
~hey

were further processed to yield the corresponding CCE, CAE, and

3CE materials.

The

concentratio~s

of the extracts recovered at the

I sampling locations are presented in Table XII and Figure 12.

Also

;hown in Table XII. are some of the data obtained at Meramec Spring
•y Grigoropoulos and Smith (18).
To simplify the description and enhance the ease of identifiation of the different organic extracts with regard to source and
ertinent recovery characteristics, the system shown in Table XIII
as been developed to appropriately designate the various extracts
nd will be used throughout the remainder of the dissertation.
The total concentration of trace organics (CCE+CAE) recovered
y the lead carbon filter (Filter 1) when sand-filtered raw water
as sampled were (Table XII ):
WF1NSLR: 432 ~g/l
( Springfork Lake)

> WF1NMRR:

371 ug/l
(Missouri River)

>

WF1 NGRR: 178 ug/l
(Gasconade River)

1is order was primarily a c onsequence of the relatively high value

~the WF1NSLRCCE (131 ug/l) and WF1NSLRCAE (301 ~g/1) and of the
~1NMRRCAE (330 ug/1).

When the CCE and CAE combined recovery of

te 2 filters which received raw water without prefiltration was
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Water Source
Type
of
Location
Water
Gasconade
River
at
Jerome

Springfork
Lake
near
Sedalia

Missouri
River at
Jefferson
City

XlL
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Pretreatment
Filtered pH
8.1
2.5

1
2
Total

WF1NGRRCCE
WF2AGRRCCE

60 WF1 NGRRCAE
66 WF2AGRRCAE
126

118
93
211

NF

8.1
2.5

1
2
Total

NFlNGRRCCE
NF2AGRRCCE

59 NF1NGRRCAE
39 NF2AGRRCAE
98

42
57
99

WF

8.8
8.8

1
2
Total

WF1NSLRCCE
WF2NSLRCCE

131 WF1NSLRCAE 301
27 WF2NSLRCAE 261
158
562

432
288
720

NF

8.8
8.8

1
2
Total

NF1NSLRCCE
NF2NSLRCCE

190 NF1NSLRCAE
58 NF2NSLRCAE
248

140
98
238

330 NF1NSLRSCE
156
486

WF

7.9
2.5

1
2
Total
1
1
2
Total

WF1NMRRCCE
WF2AMRRCCE

41 WF1NMRRCAE
35 WF2AMRRCAE
76

330
513
843

371
548
919

.NF1 NMRTCCE
NF2AMRTCCE

55 NF1NMRTCAE
151 NF2AMRTCAE
206

NF1NMSRCCE
NF2NMSRCCE
NF3NMSRCCE

52 NF1NMSRCAE
22 NF2NMSRCAE
19 NF3NMSRCAE

21 0
155
986
835
990 1 '196
76 128
95
73
46
65

93

195

Raw

NF
Treated

SEM
SCE
Designation Jig/ 1

WF
Raw

Raw

Recovery Method
CAM
Filter or
CCE
CAE
Total
Contactor Designation ].lg/ 1 Designation J.lg/ 1

NF

7.9
9. 1
2.5

1
Meramec
Nat2
Spring
NF
Raw
ural
3
near
Total
st. James*
*Recovered by Grigoropoulos & Smith (18); CCE
toxicological studies.

178
159
337
101 NF1NGRRSCE
96
197

NF1NMRRSCE

288

& CAE materials from Filter 2 were used in chemical &

807

540

210
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TABLE XIII.
Extract Characteristic
Treatment
Carbon Filter or
Contactor in Series

DESIGNATION OF TRACE ORGANICS
Description
No Filtration (sand)
With Filtration (sand)

Symbol
NF
WF

Number 1
Number 2

1
2

pH Conditions

Natural
Acidified

N
A

Source

Gasconade River
Springfork Lake
Missouri River
Meramec Spring

Water Description

Extract
Example:

Raw
Treated
Carbon Chloroform Extract
Carbon Alcohol Extract
Solvent Chloroform Extract

GR
SL

MR
MS

R
T
CCE
CAE
SCE

NF1NGRRCCE represents the carbon chloroform extract
from Gasconade River raw water recovered on the 1st
carbon filter at the natural pH of the water which
had received no sand filtration.
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considered, the order remained:
NF1NSLR:
330 ~g/1
(Springfork Lake)

>

NF1NGRR: 101 ~g/ 1
(Gasconade River)

An analogous value was not obtained for Missouri River water because

the corresponding filters were used to sample plant treated water.
The order for the SCE materials decreased as follows:
NF1NGRR: 807 ~g/1
(Gasconade River)

> NF1NSLR:

540 ~g/1 )
(Springfork Lake)

NF1NMRR:
210 ug/l
(Missouri River)

Solvent extraction of the Missouri River water was attended by
emulsion formation difficulties and this must have lowered the
extracting capacity of the solvent.

A similar situation occurred

at Springfork Lake where the SCE values obtained by the preliminary
batch SEM (Table X) were higher for the less turbid waters.
The lowest values obtained in the CAM studies were for the Gascorrade River.

The CAE of the pretreated bank of units showed values

exceeding the CCE contribution by both filters.

Acidification

improved the recovery of the 2nd filter, especially for CCE, however,
its effect was not as pronounced as it was found for the Missouri
River water.

The overall recovery, measured by the combined CCE and

CAE of the 2 carbon filters in series (pH 8.1 and 2.5), suggested
that the effect of turbidity was significant; the bank receiving the
sand filtered water recovered more than 70 percent additional trace
organics relative to the bank which received the water without pretreatment.
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Although the overall recovery obtained for prefiltered water at
Springfork Lake was greater than the corresponding value for unfiltered water, the reverse was true when CCE are considered individually.
The turbidity of the water was l .ow and was probably organic in characThe 131 ~g/1 recov~ry shown for WF1NSLRCCE is an estimate; con-

ter.

centrated extract obtained from approximately 45 percent of the total
carbon in the column was charred when a timer failed to actuate the
switching mechanism during the distillation step.

The concentration

of trace organics obtained from the 2nd filter were generally considerably less than the values obtained for the 1st filters.

This

was expected because the influent to the 2nd filter was not acidified.
The values determined for the raw and treated Missouri River
water indicated that the recovery of trace organics was markedly
increased by acidification before the 2nd filter, and that the total
yield from the finished water was greater than that from the raw
water.

The CAE fraction was significantly greater than the CCE,

with the CAE to CCE ratio varying from 2.8 to 14.6, and the recovery
of the CAE on the 1st filter was not as complete as it was for the
CCE.

Higher trace organic recoveries from plant-treated water,

relative to values obtainea from raw water, have been observed by
other investigators.

Ryckman, et ~ (71), who studied the Missouri

River between Yankton, SD and St. Louis, MO, using the standard
high-flow CAM (34), reported in 1961 that for several of the cities
investigated the CCE concentration in tap water exceeded the corresponding value in raw water.

Oliver (74), who recently investigated

the effect of treatment on the trace organic content of raw water
using Missouri River water collected at Jefferson City and the
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0-CA method (13), also measured a higher concentration of CCE and CAE
in the finished water and attributed this finding to the interference
of turbidity-causing particles with the CAM by blocking adsorption
sites on the activated carbon.
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V.

ANALYTICAL CHARACTERIZATION STUDIES

The purpose of this phase of the investigation was not the
chemical identification of discrete compounds present in Missouri
waters, but the evaluation of the potential of a number of instrumental procedures for elucidating the chemical character of the extracts.

The study was directed in 2 general areas:

the characteri-

zation of different trace organic substances, with emphasis on the
extracts which were employed in the mammalian toxicity investigations,
and the examination of the organometallic composition of the different
materials.

The complex nature of the organic extracts recovered from

natural waters necessitated the use of sensitive and sophisticated
instrumentation, not often available in even the best equipped
environmental laboratories.

The studies reported in this section

were, therefore, conducted in several cooperating laboratories, with
the author assuming responsibility for the initiation and coordination
of this work, and whenever feasible, the actual conduct of the analytical experimentation.

The work was performed either at the

University-wide Environmental Trace Substances Center in Columbia
or at several laboratories on the Rolla campus; an exception was the
elemental chemical analysis which was made by a commercial laboratory.

A.

SEPARATION AND CHARACTERIZATION STUDIES
Investigations which have led to the identification of specific

organic compounds in trace organic materials recovered from natural
waters (6,7,15,24,53,54) have depended upon the ability of the gasliquid chromatographic procedure to separate the organic mixture into
homogeneous fractions.

However, gas-liquid chromatography has been
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ound unable to resolve high molecular weight materials (2) and
aturally occurring CAE (24).

Consequently, major emphasis in this

tudy was placed on the separation and characterization of trace
rganics using methods other than gas-liquid chromatography.

Iso-

ation of pure or less complex fractions would be a prerequisite to
dentification, which could then proceed by means of established
nalytical techniques, such as nuclear magnetic resonance, mass or
nfrared spectroscopy, and elemental chemical analysis.
Gel Permeation Chromatography
Partitioning of the complex CCE, CAE, and SCE into fractions
ccording to molecular size was seen as the most promising characeristic of this unit; and, because gel permeation chromatography
ould be · performed at room temperature, it alleviated the persistent
oncern over sample pyrolysis resulting from fractionation at eleated temperatures.

This technique also yielded data on the molecular

ize of the various fractions which could be used to estimate the
olecular weight distribution, thereby not only characterizing the
ample but also enabling the assessment of the applicability of gas
hromatographic-mass spectrometric· identification procedures to the
articular extract.
The organi c extracts selected f or evaluation were materials
hich represented a wide range of recovery conditions:

CCE and CAE

btained from surface and subsurface sources, from raw and finished
aters, by adsorption a t natural or acidified pH, and by the 1st or
nd carbon filter in the series.

Six extracts were partitioned,

ncluding 2 which had been obtained in a previous study at Meramec
pring.
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The liquid chromatograph* (Figure 13) was equipped with 3,
-ft (0.61-m) columns packed with styragel with nominal exclusion
imits of 103, 104, and 105

A,

and a refractive index detector.

The

obile phase employed was freshly distilled tetrahydrofuran (THF)
hich is notorious for giving side products due to oxidation.

It was

herefore necessary to take special precautions in preparing and
andling this solvent.

The laboratory was equipped to supply gaseous

itrogen at many locations along the benches which enabled handling
f THF in a nitrogen atmosphere, and the solvent reservoir in the
hromatograph had been modified to admit nitrogen over the THF surace in order to prevent oxidation when a run was in progress.
The basic procedure employed consisted of the following steps.
he glass vials used to collect the fractions were marked for identiication and tared; the balance used was capable of weighing to an
ccuracy of 1 pg.

Concurrently, reagent grade THF was distilled and

ollected under a nitrogen atmosphere in a dark area of the fume
ood; the distilled THF was poured into a cold dark bottle, the air
as purged with nitrogen, and the THF was refrigerated until used.
he instrument was allowed to warm up, and the styragel columns and
ther components were flushed clean by passing THF through the unit
ntil the recorded refractive index trace was stable, that is, it
isplayed only minor baseline variation.
A weighed amount of trace organic extract was put into solution
ith about 10 ml THF using an ultrasonic bath if necessary.

The

olution was then passed through a 1-p pore size teflon filter

Model ALC/GPC 501, a product of Waters Associates, Inc., Framingham,
MA; this unit was located at the Environmental Trace Substances
Center.

96

Figure 13.

LIQUID CHROMATOGRAPH
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xnder pressure imposed by confined nitrogen gas.

The filtered sample

vas drawn into a 50-ml syringe and injected into the sample loop of
~he

liquid chromatograph.

A 4-way valve was rotated to introduce the

5ample to tl1e system, and at that time the run began.

Time zero was

narked on the paper of the previously activated recorder, which dis?layed the refractive index of the materials passing the outlet of
~he

columns relative to the index of THF.

The recorder response was

)bserved for changes in refractive index during the early part of
~he

test period, and unless a change was noted, the initial fraction

vas collected after 70 ml of the eluted THF had passed through the
5ystem.
t

Approximately 8-ml fractions were thereafter collected ' in

separatory funnel and then transferred to tared sample vials and

lmmediately evaporated under a gentle stream of nitrogen gas to
letermine the weight of material eluted in the fraction.
t

sample was collected, the event was marked on the refractive index

~race;
~o

Each time

this was done in order to relate the weight of the fraction

the refractive index response and the molecular size which was

~ontrolled

by the time required for elution.

It might be mentioned

~hat an antioxidant was not added to the carrier solvent and the

1itrogen atmosphere was depended upon to curtail the formation of
)Xidation byproducts.
The gel permeation chromatography data are presented in Table
CIV and Figures 14 and 15.

The recovery of the injected material

raried between 29 and 92 percent (Table XIV).

Two possible expla-

lations for the low recovery values might be that some of the mate-

~ial did not pass the 1-~ teflon filter or that some of the material
vas irreversibly retained with the styragel columns.

Figure 14 shows

98

TABLE XIV.

GEL PER.tv!EATION CHROMATOGRAPHY STUDIES - FRACTION WEIGHT DISTRIBUTION

WF1NSLRCCE
mg
%

WF2NSLRCAE
mg
%

Extract
NF1NMRTCCE
NF2AMRTCCE
mg
mg
%
%

1

0.18

5.2

0.30

3.5

0.20

o. 5

0.11

2

0.16

4.6

0.20

2.4

0.10

0.4

3

0.07

2.0

0.22

2.6

0.20

4

0.19

5.5

0.10

1.2

5

o. 21

6.1

0.45

6

1.49

42.9

7

0.49

8
9

Fraction

NF2NMSRCCE
mg
%

NF2NMSRCAE
mg
%

0.2

0.19

1.2

0.10

0.9

0.25

0.6

0

0

0.01

0.1

0.5

0.11

0.2

0

0

0.03

0.4

0

0

0.24

0.5

0.12

0.8

0.03

0.4

5.3

0.30

0.7

0.33

0.7

0.11

0.7

0.05

0.6

0.15

1.9

0.72

1.8

3.97

8.8

0.15

1.0

o. 61

5.6

14.1

2.90

34.4

14.35

36.1

17.23

38.0

7.02

45.0

7.24

67.0

0.54

15.6

2.50

29.7

21.63

54.5

21.54

47.5

7.75

49.6

2.74

25.0

0.14

4.0

1.10

13.1

1.17

3.0

0.26

0.6

0.11

0.7

0.50

5.9

0.19

0.5

1.27

2.8

0.16

1.0

0.81

2.0

10
11
Total

3.47 100.0

8.42 100.0

39.68 100.0

45.31 100.0

15.61 100.0

0

0

1o. 81 100.0

Summary
Injected, mg

8.86

22.50

43.00

74.20

35.90

36.90

Recovered, mg

3.47

8.42

39.68

45.31

15.61

1o. 81

92.3

61.1

43.5

29.3

Recovery, %

39.2

37.4
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the refractive index scans for the various extracts; the values are
relative to the index of THF, the carrier solvent.

The vertical

traces in some of the scans probably resulted from erratic recorder
response.

A distinct yellow color was noticed in fractions of 3

extracts, 2 from treated Missouri River water and 1 from Meramec
Spring, and this is noted in Figure 15.

The approximate molecular

size indicated in Figure 15 has been based on a calibration curve
developed with polystyrene.

A rough estimation of molecular weight

may be obtained by multiplying molecular size (in

A)

by 20; actually

this is an average and the factor may range from 10 to 40, depending
upon the individual compounds present (75).

Since the components of

the extracts have not been identified, an exact relationship cannot
be given.
2.

Nuclear Magnetic Resonance
Few data are available concerning the nuclear magnetic resonance

spectra of naturally-occurring organic materials and humic acids, and
the existing information agrees only on the presence of methyl,
methylene, and methine protons.

The absence of protons of aromatic

origin has also been reported, however, this may be due to polysubstitution of benzene moieties, rather than the absence of aromatic
character (76).
To evaluate the ability of this technique to resolve complex
trace organic substances, a study was made using a Meramec Spring
extract, NF2NMSRCCE.

Approximately 500 mg of the extract was dis-

solved in deuterated chloroform and the solution was scanned on a
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spectrophotometer. *

The positions of the peaks on the spectrum

(Figure 16) would indicate the presence of methyl (at 1.3

b), methy-

lene (at 2.3 S), and aromatic (at 7.4 b) protons at approximate
ratios of 12.1:4.7:1.
for the peak at the

Residual chloroform was probably responsible

4.6-~

position.

The complexity of the sample

may well have masked the response of other hydrogens and it appears
that fractionation would be necessary before effective utilization
of this technique may
3.

~e

made.

Gas-Liguid and Ion Exchange Chromatography
A number of chromatographic methods, including the use of an

amino acid analyzer, were attempted at the Environmental Trace Substances Center.

This work was performed using 2 Springfork Lake

extracts, NF1NSLRCCE and WF2NSLRCAE, and was undertaken to further
characterize the trace organics and ascertain the potential of the
different methods.

Because the work was done by personnel of the

Center in an exploratory manner, the objective was to study a series
of techniques rather than employ each technique in characterizing
the range of samples.

Gas-liquid chromatographic work was performed

on a chromatograph equipped with dual hydrogen flame ionization
detectors and a photometric detector and amino acid analysis was
made using an automatic analyzer.
a.

Gas-Liguid Chromatography
Straight temperature-programmed chromatography** using the

hydrogen flame detectors did not show any peaks of significance,

* Model A-56/60, a product of Varian Associates, Palo Alto, CA; this
instrument was available in the Department of Chemistry.
**The Micro-Tech 220 chromatograph and detectors were products of
Tracor, Inc., Aus ~in, TX.
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therefore, 2 derivatization techniques, esterification and silylation,
were employed.

The 2 extracts were treated with 3N hydrochloric acid

in propanol at 750C for 20 min to detect the presence of any acids
whose propyl esters were volatile enough to appear in a run from room
temperature to 2500C.

Only 1 peak emerged at a very low retention

temperature and there was some doubt as to whether it represented a
derivatized component of the sample, or a decomposition product,
or even a derivatized decomposition product (75).
The 2nd technique was trimethylsilylation with a very potent
silating agent, Bis(trimethylsilyl)trifluoracetamide, at ambient
and at 1500C derivatization temperatures, using acetonitrile as a
solvent.

This method should have revealed any volatile derivatives

of carboxylic acids, phenols, alcohols, amines, anilines, or thiols.
Both extracts failed to generate any significant peaks in a
temperature-programmed run; however, the baseline trace was considerably elevated, indicating that compounds did emerge from the
column but did not separate.

According to Aue (75), this type of

behavior is fairly characteristic of organic backgrounds of various
origins decomposing at the injection point or on the beginning part
of the column.
The extracts were also tested using a photometric* det e ctor,
on loan from the manufacturer, which was run on both the phosphorus
and sulfur channels.

Extract NF2NSLRCAE showed a significant response

in the sulfur mode, with 1 large and 2 small peaks emerging.

* A product of Tracor, Inc., Austin, TX.

On the
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basis of the response of standard sulfur compounds, the concentration
in the sample was estimated to be as high as 10 to 20 percent. [A
subsequent sulfur analysis by a commercial laboratory (see Table XV,
p.108) verified this finding and determined a sulfur content of 11
percent.] Although it was possible for elemental sulfur to successfully pass through the gas chromatographic column, the analyst (75)
doubted that this had occurred.
On the basis of these studies, it was concluded (75) that
straight gas-liquid chromatography, or chromatography following
esterification or silylation did not offer much promise for significant insights into the nature of the extracts.

On the other hand,

the potential presence of an organic sulfur compound was a significant finding, and further work with the photometric detector would
be well justified; unfortunately, the studies which could be conducted with this instrument were limited because the detector had
to be returned to the manufacturer.
b.

pH Gradient Ion Exchange Chromatography
The feasibility of separating free and bound amino acids by ion

exchange chromatography was evaluated using the Stein-Moore procedure
(77) in conjunction with the automatic amino acid analyzer. *

A small

quantity (0.997 mg) of NF2NSLRCAE material was first hydrolyzed with
6N hydrochloric acid at 11ooc for 24 hr and then subjected to pH
gradient ion exchange chromatography.

The following amino acids

* Bio-Cal Automatic Amino Acid Analyzer, a product of the Bio-Cal
Instrument Co., Richmond, CA.
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were found to be present; however, the total amount represented less
than 1 percent of the sample tested.

Content

Content

Amino Acid

%

Amino Acid

%

Alanine
Arginine
Aspartic Acid
Glutamic Acid
Glycine
Histidine
Isoleucine
Leucine

0.016
0.007
0.15
0.095
0.134
0.010
0.023
0.038

Lysine
Phenylalanine
Proline
Serine
Threonine
Tyrosine
Valine

0.005
0.022
0.049
0.015
0.01
0.015
0.097

In addition, ammonia, cystine, and methionine were tested for but
not found to be present.

It should be pointed out that the acidic

amino acids were relatively high, while the basic ones were missing
from the mixture.

Also, there was no attempt made to determine

whether the amino acids were present as free or bound forms.

B.

ELEMENTAL CHEMICAL ANALYSIS
The chemical composition of 7 extracts was determined by a

commercial laboratory.*

Because of the cost of the analysis the

number of samples which could be examined was limited.

The 7

extracts were selected to represent a cross-section of the different
recovery sites, filter units, recovery techniques, elution solvents,
pH, and both raw and treated river water.

In addition, the sulfur

content of WF2NSLRCAE was determined to verify the findings of the
gas chromatographic photometric detector studies.

According to

information received from laboratory personnel (78), the carbon,

*Micro-Tech Laboratories, Inc., Skokie, IL.
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hydrogen, nitrogen, and oxygen content were determined on an analyzer, *
while sulfur was measured by the catalytic combustion method of
Stragand and Safford (79); the precision and accuracy of each determination was reported to be 0.3.
The results of these analyses are given in Table XV, together
with the corresponding empirical formulas for the different extracts.
From the values reported in Table XV, some general observations may
be made.

The carbon content of the CCE materials was found to be

greater than that of the CAE tested, and this was in agreement with
the findings of an earlier investigation (18) .

Also, the carbon

content of the CCE extract recovered from treated Missouri River
water was considerably less than for the CCE from the raw River
water.

The treated-water CCE collected by the 2nd filter in the

series (following acidification) had the lowest carbon and the highest
sulfur content of the samples tested.

The carbon content of the SCE

material obtained at Springfork Lake was at the level determined for
the various CCE materials; however, its oxygen content was 45 to 58
percent

less.

The most ox ygenated extract was a CAE material col-

lected at Springfork Lake.

C.

TRACE ELEMENT STUDIES
Characterization work on trace organics has generally been

directed toward the identification of the organic components present.
Little attention has been given to organometallic complexes that
might be present in the extracts.

The toxic effects of organometallic

*Model 240, a product of the Perkin-Elmer Corporation, Norwalk, CT.
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TABLE XV.

Water
Source
Gasconade
River
at
Jerome
Springfork
Lake
near
Sedalia

Extract
Designation Carbon Hydrogen

ELEMENTAL CHEMICAL ANALYSIS
Element
Oxygen Sulfur

Nitrogen

Residue

0.89

0.37

WF1NGRRCCE

57.8

6.93

18.6

WF1NSLRCCE

63.6

7.92

21.8

1.80

1.40

WF1NSLRCAE

47.2

6.04

29.3

0.26

2.97

WF2NSLRCAE

11.5

NF1NSLRSCE

59.7

7.37

10.2

Missouri
River at
Jefferson
City

WF1NMRRCCE

60.4

7 071

20.0

NF1NMRTCCE

55.3

6.41

19.8

NF2AMRTCCE

50.0

5015

23.2

Meramec
Spring
at
St. James

NF2NMSRCCE*

62.5

7.40

24.0

0.50
.'

6.97
14.1
0.20

<0.1
6.70

Empirical Formula

c4.8H6.9°1.2NO.o6
c5.3H7.9°1.4N0.1s0.04
c3.9H6.0°1.8N0.2s0.01

5.09
0.55

1.28

C5.0~ .400.6N0.04

0.19

0.18

1.50

< 0.1

C50 0~ 0701 02N0 008
c4.6H6.4°1.2N0.11s0.22

0.8

<0.1

c4.2H5.2°1 .4No.o6s0. 44

0.54

0.43

c5.2H7.9°1.5N0.04s0.01

*Values for c, H, 0, s, & N reported by Grigoropoulos & Smith (18); N value verified.
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substances, as well as o£ trace elements, especially heavy metals,
are well recognized, and are in general better known than the corresponding e££ects o£ potentially harmful organic substances.
Determination of the trace element content of the organic micropollutants was therefore o£ considerable interest to this study.
Exploratory work undertaken using 2 campus £acilities, the Nuclear
Reactor and the electron microscope located in the Space Sciences
Research Center, indicated the presence o£ several elements in the
extracts.

However, the available equipment was limited and its use

could provide only a rough indication o£ content.

The semiquanti-

tative composition of several extracts was subsequently determined
using an emission spectrograph available at the University-wide
Trace Substances Center.

The author participated in all these

studies.
1.

Disperse Electron Scattering
A scanning electron microscope* equipped with an Si(Li) X-ray

detector system** was employed to produce an energy spectrum which
could be used to detect the presence of certain elements.

A small

portion (less than 1 mg) of the extract was pressed to form a thin
uniform layer on the sample holder, which was then inserted into the
sample stage o£ the electron microscope.

After insuring the sample

had been properly located, random regions o£ its sur£ac e were subjected to electron bombardment a t

25 kev.

a magni£ied image o£ the sample surface.

A fluorescent s creen gave
The characteristic energy

emitted by the elements in returning to ground level was captured,

*Model JSM-2, a product of the Japan Electron Optics Laboratory Co.,
Ltd., Jeol, Japan.
**Model N8-600, a product o£ Ortec Incorporated, Oak Ridge, TN.
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and an oscillographic presentation was developed depicting the amount
of scattering obtained for each energy on the abcissa.

The location

of the peaks was determined by generating a signal of known energy
on the screen for visual matching.

The characteristic energies were

located on a standard chart supplied by the manufacturer to determine
the elements present, while the peak height provided an indication of
the quantity present.

The following data were obtained for the

Springfork Lake extract WF1NSLRCCE.

Element
Aluminum
Calcium
Chlorine
Copper
Sulfur

Estimated Quantity
Moderate
Very small
Considerable
Moderate
Considerable

Two advantages of this method were the extremely small amount of
sample required and the minimal sample preparation; however, the
instrument was limited in the amount of information that it could
provide.
2.

Neutron Activation Analysis
Activation analysis can be employed to determine a wide range

of elements and has been reported to be several orders of magnitude
more sensitive than emission spectrography, which is similar in the
range of elements detected (80, p.7).

The major disadvantage of the

method has been the cost of the analysis; employing the most suitable
system and a large number of samples, the cost may run from $ 10 to
$15/sample for 1 element, with a smaller increment for each additional
element (81).
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A run was made using Springfork Lake extract WF2NSLRCCE.
Approximately 500 mg of this material were placed in a polyethylene
sample tube and subjected to a thermal neutron flux * of about 1.6 x
1012 neutrons/sq em-sec for 4 min.

The gamma activity of the sample

was counted with a thallium-activated sodium ioqide [Nal(Tl)] scintillation crystal which partially converted the gamma radiation into
visible light; the light was amplified by a photomultiplier tube
and, with proper electronic circuitry, was transformed into a voltage
pulse.

The energies of the gamma radiation emitted from the irradi-

ated sample, and the corresponding half-lifes, were measured and the
data were used to determine the various isotopes present through
appropriate tabulations.

Due to the limited resolving power of the

Nal(Tl) scintillation crystal and the variety of elements present,
positive identification of discrete elements was not possible; however, the presence of tellurium, chlorine, arsenic, and mercury was
indicated.

Use of a high resolution lithium-drifted germanium

[ Ge (Li )] detector might have permitted separation of the energies to
the degree required for positive identification .

This procedure has

been reported to be capable of detecting over 75 elements at concentrations rang ing between 0.00003 and 900 ~g/1 (81).
3.

Emission SpectroscopY
Semiquantitative trace element analysis of various extracts was

performed using the emission spectrograph** and densitometer** shown
in Figure 17.

Preparation for analysis consisted of ashing about

* The 200-kw bulk-shielded reactor of the University of MissouriRolla was used.
* * These were products of the Jarrell-Ash Division, Fisher Scientific
Co., Watham, MA.
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Emission Spectrograph

Microdensitometer

Figure 17.

EMISSION SPECTROSCOPY SYSTEM
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50 mg of extract by mixing it well with 30 mg potassium sulfate in a
silica dish, and then heating the mixture to 4500C; the ashed mixture
was packed into carbon electrodes prior to burning in an 8-amp arc.
The distance maintained between the electrodes during arcing was
approximately 1 in. (2.54 em) and burning was terminated when a blue
flash was evident in the excitation chamber.

The spectral lines

0

between 2,200 and 4,500 A emitted by the sample were recorded on
spectrographic quality film.

The film was developed, and after dry-

ing, read on the microdensiometer to establish the exact position of
the spectral lines; these lines were compared against standards to
determine the elements present in the sample and estimate their
quantity.

The results obtained from this analysis are presented

in Table XVI.

It is interesting to note that only 2 elements, calcium

and copper in trace amounts, were found in a treated Missouri River
water CCE, while the Springfork Lake SCE contained almost all trace
elements evaluated.

It should be pointed out that the presence of

several potentially toxic elements, including arsenic, mercury, and
selenium, could not be determined by emission spectroscopy .'
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TABLE XVI.

EMISSION SPECTROGRAPHIC STUDIES - TRACE ELEMENT CONTENT
Element*, **

Water
Source

Extract

Springfork WF1NSLRCCE
Lake
WF1NSLRCAE
near
NF1NSLRSCE
Sedalia
Missouri
River at
Jefferson
City

NF1NMRTCCE
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*Presence of lithium & cadmium was questionable; antimony, bismuth, gallium, germanium, & thallium were
not detected.
**Symbol notation as follows: M =major component (>1 %); m =minor component (0.01-1 %); & t =trace
component (<0.01 %).
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VI.

TOXICITY STUDIES

The purpose of these studies was to measure the harmful effects
of trace organics on mammals by direct exposure of white rats through
oral feeding (in vivo) and by enzymatic investigation using rat tissue
homogenates (in vitro).

This work sought to use the extracts most

representative of what might be found in the environment, and to
measure the subacute toxic effects of these organics at concentration
levels similar to those found in natural waters.

The development of

an appropriate bioassay procedure utilizing a broad range of clinical
and pathological techniques was an important aspect of this rese arch .
A recently reported study (25) and 2 earlier investigations
(21,28) also employed small animal bioassays, but were concerned
respectively with either measuring the LD 50 doses for individual
CCE, CAE, and reverse osmosis-solvent extract materials, or evaluating the carcinogenic nature of CCE and CAE.

The level of extract

doses in those studies was higher than the exposures employed in the
present work, and their published reports als o provide no information
pertinent to the physiological impact of the individual extracts on
the test animals, other than death and tumor formation.
A mixture of CCE and CAE, proportioned in the weight ratio at
which each was recovered from a particular sample of water, and
individual SCE were tested and were introduced to the animals through
their voluntary ingestion of rat meal tainted with these substances.
Other investigators ( 2 1 ) had attempted to force-feed the extracts
through a polyethylene tube, however, this technique resulted in
the earlier death of both the control and test animals.

Addition of
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the trace organics to the drinking water of the rats was considered
and rejected because of the low solubility of these materials in water
and the ability of the rat meal to better mask undesirable odors.
Since food would travel the same metabolic route as water, introducing
the organics in food was an acceptable alternate.

Voluntary oral

ingestion was considered to be more appropriate than direct injection
because it simulated more closely the absorption, distribution,
metabolism, and excretion of these compounds in man.

A.

TEST ANIMALS
The in vivo study was conducted using a small colony* of 26

Sprague-Dawley white rats, 3 to 6 months old, weighing approximately
200 g each; 2 of these rats were in the latter stage of gestation at
the time the study was made.

The colony was maintained by a full-

time attendant and was fed rat meal and water ad libitum.

A smaller

group** of 6 Sprague-Dawley white rats,# less than 3 months old and
weighing 175 to 225 g, was used in the in vitro study.

These animals

were provided daily with a commercial ration and water which they
were allowed to intake ad libitum.

* The colony was maintained at a small animal facility in the School
of Dentistry, University of Missouri-Kansas City, under the supe rvision of Dr. V. A. Green; it had been used in toxicologic investigations of pesticides and food additives, however, this work had
been terminated and the residual animals were made available for
use in the present study.
**Purchased from the Sprague-Dawley Co., Madison, WI.
#These animals were maintaine d at a small a nimal f a cility in the
Department of Social Sciences, University of Missouri-Rolla .
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B.

IN VIVO STUDY
This study was conducted for the most part at the School of

Dentistry, University of Missouri-Kansas City.

Seven test groups of

white rats* were allowed to voluntarily ingest meal dosed with different trace organics.

Measured quantities of organics, computed

to give the desired dose, were placed in solution using an appropriate solvent, and the solutions were then sprayed onto the rat meal.
Feeding of the tainted food to the test animals began on October 11,
1971, and continued until October 26, 1971, when the animals were
sacrificed and subjected to a utopsy.

The rats were observed through-

out the test period and at a utopsy to determine gross physiological
indications of distress.

At the end of the period, blood, liver, heart,

lung, and kidney samples were obtained for further clinical, histopathological, and enzymatic investigation.

A portion of the heart,

liver, and lung tissue was placed into chilled sample bottles, stored
in an ice chest, and transported to Rolla for use in enzymatic
studies .

The remaining organs were preserved in f ormaldehyde, and

together with the blood samples , were retained in Kansas City for
clinical and histopathological analyses which were conducted at the
Children's Mercy Hospital.
1.

Selection of Trace Organics for Study
The trace organics chosen for study and the corresponding rat

test group are shown on the following page.

*A total of 24 animals were used; 4 groups had 3 animals each, 2 had
5, and 1 had 2.
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Animal
Test Group
Control
1
3

&2
&4

5 & 6

Test
Trace Organics
None
NF1NSLRSCE
Composite of WF1NSLRCCE,
WF1 NSLRCAE, WF2NSLRCCE,
& WF2NSLRCAE
Composite of NF2NMSRCCE
& NF2NMSRCAE

Composite
Designation
N/A
N/A
WF( 1 +2 )NSLR( CCE+CAE)
NF2NMSR ( CCE+CAE)

The number of animals in the residual colony limited the number of
test groups to approximately 6, and the unknown toxicological character of the organics necessitated use of at least 2 dose levels.
Consequently, the selection of the test materials from the large
number of available extracts was influenced by several considerations.
The NF1NSLRSCE held a priority position because it was a solvent
extract from a water source of suspected epidemiological significance;
also, no information had been reported in the literature on the
toxicity of extracts recovered by the SEM procedure, although small
animal studies utilizing such materials had been recommended (21).
To compliment the evaluation of the SEM material and measure the
toxicity potential of trace organics recovered concurrently by the
CAM procedure at Springfork Lake, the composite extract
WF(1+2)NSLR(CCE+CAE) was selected for Test Groups 3 and 4.

Further,

in order to compare the toxicity of trace organics recovered from
surface and subsurface waters, the NF2NMSR(CCE+CAE) composite was
chosen.

Adequate quantities of these extracts and comprehensive

toxicity data were available from an earlier investigation (19,24);
the combined CCE and CAE material had been found to be toxic to fish
on a long-term basis.
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2.

Selection of Trace Organic Test Doses
The lack of information relative to the health effects of

orally ingested organic contaminants required that test dose levels
be determined through consideration of pertinent but indirectly
related information.

Hueper and Payne (28), in a study focused upon

the detection of the carcinogenic characteristics of CCE and CAE
materials, had administered to mice repeated biweekly subcutaneous
injections of 2 or 4 mg extract/animal dissolved in an appropriate
solvent and had observed tumor formation in several of the test
animals.

These investigators had also employed oral feeding of a

powdered commercial ration which contained 2 percent CCE over a 13month period; during this period 35 percent of the test animals died
(a rate 4.7 times greater than that of the control group), although
tumors were not found in any of the animals.
Dunham, et al.

In a related study,

(21) had found that 1 mg of CCE or CAE injected sub-

cutaneously into newborn albino mice constituted a lethal dose;
however, the animals could tolerate 0.5, 1.0, and 3.5 mg at 10-day
intervals.

Since data pertaining to the effect of sublethal doses

of trace organics were extremely limited, enzymatic activity studies
with trout tissue homogenates which were conducted by Sletten (4) and
Smith (28) were also considered.

Both investigators had determined

the Median Respiratory Tolerance Limit, RTLm, * for treated water CCE
to be 0.11 mg organics/mg liver, and Smith had found that the corresponding values for heart and gill were 0.22 and 0.38 mg organics/mg
tissue, respectively.

* Defined by Sletten (4) as the concentration of toxicant that would
reduce the activity of the test solution to 50 percent of the control.
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The length of the test period which could be employed in the in
vivo study was only 15 days due to the scheduled closing of the small
animal facility at the School of Dentistry.

Considering this time

limitation, the fact that in the oral ingestion mode a portion of the
organics would be released in the body waste, and the synergistic
character of the composite CCE+CAE materials, it was decided to
utilize daily test doses of 1 and 2 mg organics/animal.

Because

each rat was expected to eat approximately 10 g meal/day, the test
organics represented 0.01 or 0.02 percent by weight of the food
intake.
3.

Test Procedure
Stock solutions of the CCE, CAE or SCE were prepared by dissolv-

ing the appropriate amount of material with 10.0 ml of chloroform or
ethanol in a 15-ml vial.

Animal
Test
GrouE

The following solutions were prepared.

Extract
Amount
Designation
mg

N/A
Control
NF1NSLRSCE
1
NF1NSLRSCE
2
3
NF1NSLRCCE
NF2NSLRCCE
NF1NSLRCAE
NF2NSLRCAE
4
NF1NSLRCCE
NF2NSLRCCE
NF1NSLRCAE
NF2NSLRCAE
5
NF2NMSRCCE
NF2NMSRCAE
6
NF2NMSRCCE
NF2NMSRCAE

0
100
200
&
&

Designation

Composite
Amount
mg

N/A
N/A
N/A
WF(1+2)NSLR(CCE+CAE)

8.3 &
4.2
46.8 &
40.7

&

16.6 &
8. 4
93.6 &
81 .4

200

C2 H5 0H
CHCl 3 , c 2 H5 0H
CHCl3

NF2NMSR ( CCE+CAE)

100

NF2NMSR ( CCE+CAE)

200

22.9
77.1
45.8
154.2

N/ A
CHCl3
CHCl3
CHCl 3 , c 2 H5 0H
CHCl3

WF(1+2)NSLR(CCE+CAE)
&

0
N/ A
N/ A
100

Carrier
Solvent

C2 H5 0H
CHCl 3 , C2 H5 0H
CHCl3
c 2H5 0H
CHCl 3 , c 2 H5 0H
CHCl3
c 2 H5 0H
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The extract solutions were prepared in Rolla and were then sent
to Kansas City where each was sprayed uniformly onto 1,000 g of rat
meal with a small amount of sugar to enhance the palatability of the
food.

The same feed base was used for each group; it consisted of a

vitamin supplement and 1 part of each:
meal.

bone, corn, fish, and soybean

The meal was placed in a large bowl and the food and water were

provided to the animals ad libitum.

A full-time attendant at the small

animal facility cared for the feeding and environmental control of the
colony.

No attempt was made to measure the quantity of food actually

ingested by the rats; this would have enabled a more accurate determination of the extract dose received.
In an attempt to evaluate the effect of trace organics on milk
production and the growth of newborn rats, 2 females were also fed the
WF(1+2)NSLR(CCE+CAE) meal dosed at 2 mg/day.

One of the females had

given birth prior to being fed the composite extract, while the other
was in the final state of gestation.

The Springfork Lake composite

material was chosen for this test because the Lake water was suspected to be linked to a higher incidence of birth defects in the
surrounding area.
On the final day of the test, all the animals were sacrificed by
Green,* Grigoropoulos,** and the author.
was used.

The following procedure

The rat was placed into a 1-gal (3.785-1) plastic jar

which contained 20 ml of ethyl ether, and the lid was securely

*Dr. V. A. Green, Professor of Pharmacology, School of Dentistry,
University of Missouri-Kansas City; and Chief Toxicologist, Children's Mercy Hospital, Kansas City, MO.
**Dr. s. G. Grigoropoulos, Professor of Civil Engineering, University
of Missouri-Rolla.
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tightened.

After about 50 sec, the unconscious animal was taken from

the jar and placed on the operating table; a cotton ball dampened with
ether was held to its nose while approximately 10 ml of blood were
withdrawn by syringe (Figure 18).

The animal was then sacrificed,

cut open, and liver, kidney, heart, and lung tissue samples were
removed (Figure 18).

Part of the organs was placed in formaldehyde

for preservation, while a small portion of the heart, liver, and
lung samples was placed into chilled specimen bottle and kept on ice
until used in respiratory enzyme activity evaluation studies.

The

blood and formaldehyde-preserved tissue samples were subjected to
clinical and histopathological examination.
4.

Gross Physiological Effects
The first indications of harmful effect to the test animals were

noted after the rats had eaten the tainted food for 10 days, when
several of the animals were experiencing loss of hair and elevated
body temperatures.

The physiological status of the control and test

animals at autopsy is summarized below.

Test
GrauE

Rusty
Tail

Control
1

No
No
No
Yes
Yes
Yes
Yes

2

3
4
5
6

C~anotic

No
No
No
Yes
Yes
Yes
Yes

Chocolate
Blood
No
No
No
Yes
Yes
Yes
Yes

Hair
Loss
No
No
No
Yes
No
Yes
No

Elevated
TemEerature
No
No
No
No
No
Yes
No

The rusty tail, hair loss, and other abnormal features of the exposed
rats are shown in Figure 19.

The rusty tail phenomenon, which charac-

terized 3 of the test groups, may be analogous to the melanism and
blotching of the skin of rainbow trout which was observed by
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Figure 18.

EXTRACTION OF BLOOD AND ORGAN TIS&JE FROM TEST ANIMALS
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Above :

Control rat

Right :

Exposed rats showing
rusty tai I 8 loss of hair

Figure 19.

PHYSICAL APPEARANCE OF RATS AT AUTOPSY
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Sletten (4) in 96-hr bioassays conducted to evaluate the toxicity of
treated water CCE.

It should also be noted that during the prepa-

ration of tissue homogenates the lung from a Group 4 rat exposed to the
WF(1+2)NSLR(CCE+CAE) composite was found to have multiple grey nodules
on its surface; this was the only lung which was affected in this
manner.
Indications of abnormal condition were also shown by the 2
female rats.

The pregnant rat had 9 pups 1 day after she had been

fed meal containing 0.02 percent WF(1+2)NSLR(CCE+CAE); 7 of the
pups were dead and the other 2 she killed and ate on October 26,
the final day of the test (Figure 20).

The mother rat, which had

had 5 pups prior to the initiation of the test, also killed and ate
her pups 2 days after she had been fed this meal.

This type of be-

havior is typical of rats subjected to some type of stress.

At

autopsy, it was observed that the skin of these females was yellow
and that they were cyanotic.

5.

Clinical and Histopathological Examination
The serum glutamic oxalacetic acid transaminase (SGOT) activity

of the blood of the test animals was determined, * and the results
are summarized below.

Test Group
Control
1
2

3
4

5
6

SGOT values, mU/ ml
127
4 24
170
59
318
138
202

* These determinations were performed on October 27, 1971, by personnel
of the Toxicology Laboratory, Children's Mercy -Hospital, Kansas City,
MO.
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Figure 20.

MOTHER RAT AND REMAIN~ OF PUPS SHE ATE
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The SGOT determination measures the activity of a specific enzyme,
whose metabolic function is the transfer of the amino group from
aspartic acid to ~-ketoglutaric acid resulting in the synthesis of
a new amino acid, glutamic acid, and a new~-keto acid, oxalacetic
acid (82).

The SGOT values for Test Groups 1, 2, 4, and 6 were

greater than the control, that for Group 3 was lower, while the
value for Group 5 was essentially at the same level as the control.
The SGOT activity is an indication of change in the physical condition of the organism, however, it does not measure the severity of
the change; therefore, these data are not by themselves conclusive
but must be considered in conjunction with other parameters.
The liver and kidney tissues from the sacrificed animals were
subjected to histopathological examination,* and photomicrographs
taken during this work are presented in Figures 21 and 22.

Although

tissues from rats in all groups were examined, photomicrographs were
not made by the pathologist of the liver and kidney of animals in
Group 3; these , as well as the tissues from Groups 1, 4 , and 6, were
found to be histologically normal.

Organs from Test Groups 2 and 5

appeared to have been adversely affected by the trace organics.
Liver tissue from Group 2 showed mild swelling and infiltration and
increased phagocytic activity, while that from Group 5 had a necrotic
area and indicated infiltration of phagocytic cells, degradation, and
fat infiltration; kidney tissue from Group 2 exhibited mild swelling
and trapped fluid, and tissue from Group 5 demonstrated swollen

*This examination was performed in late January 1972 by Dr. Eugene
Beatty, MD, Chief Pathologist, Children's Mercy Hospital, Kansas City,
MO.
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Control

Group I

Group 2

Group 4

Group 5

Group 6

Group 5 magnified
Tissue was normal for Groups I, 3 (not shown), 4, a 6= abnormal for
Group 2(mild swelling a infiltration, a increased phagocytic activity); most abnormal for Group 5 (infiltration of phagocytic cells, degradation, fat infiltration, necrotic area shown in I magnification).
Figure 21.
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Control

Group 4

Group 6

Group 5

Group 5 magnified

Tissue was normal for Groups I, 3 (not shown),4, a 6; abnormal for
Group 2(mild swelling 8 a little trapped fluid); most abnormal for
Group 5 (swollen tubules with trapped fluid, degradation, areas of
material coalescing together, infiltration of phagocytic cells) .

Figure 22.

PHOTOMICROGRAPHS OF KIDNEY TISSJE FROH EXPOSED RATS
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tubules with trapped fluid, degradation, and infiltration of phagocytic cells and showed areas where materials had coalesced together.
It is interesting to note that the SGOT activity of Group 5 was almost
at the normal level, however, the liver from these animals was the
most affected.
When the in vivo toxicity study was formulated, it was decided
that a complete picture of the animal blood, including hemoglobin,
differential cell count and hematocrit tests, would be desirable.
Physical observations at the autopsy, especially the indications of
cyanosis, confirmed the necessity for these tests.

Unfortunately,

the technicians at the hospital stated that they would not analyze
rat blood, and consequently these tests were not performed.

C.

IN VITRO STUDY
Manometric procedures were utilized to evaluate the enzymatic

activity of tissue from either the organs of exposed rats which
were sacrificed in the in vivo study or the organs of unexposed
animals in the presence of trace organics.

Manometric tests had

been successfully employed by Sletten (4) and Smith (24) in conjunction with aquatic bioassays to evaluate the toxicity of trace
organics to fish, and although the methodology used by each investigator contained important differences, the procedure gave meaningful
information for ascertaining adverse physiological effects.
The liver, heart, and lung of the sacrificed exposed animals
were extracted at autopsy, placed in glass jars, and maintained until
used on ice in an insulated container which was stored in a 4°C
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walk-in incubator.*

Liver tissue was also obtained from unexposed

rats which were sacrificed specifically for this purpose using the
procedure previously outlined (see p.121).
1.

Development of the Experimental Procedure
The primary variables to be resolved in the in vitro study were

the tissue homogenate, the substrate and substrate concentration,
the test temperature, and the method for putting trace organics in
solution.

The test conditions employed by Sletten (4) and Smith (24)

in their enzymatic evaluation of the toxicity of CCE and CAE materials
were as follows.

No. of
Tissue
Substrate
TemperConcentration ature Surfactants
InvestiAmount
oc
M
Used
gator
~ mg:L:flask
~
20
None
N/A
Sletten Liver
200
7
20
None
N/A
7
Heart
200
20
N/A
7
None
200
Gill
1
20
0.3
succinic acid
Smith
Liver
67
1
20
0.3
succinic acid
Heart
33
1
20
0.3
succinic acid
20
Gill
It was decided to generally follow the test conditions utilized by
Smith because he had evaluated the subsurface water composite extract NF2NMSR(CCE+CAE) used in the present study; however, the
reaction temperature was increased from 20 to 37°C to more closely
simulate mammalian temperature.

Also, because it was observed that

after combining 1 .0-ml volumes of tissue homogenate, isotonic solution, and o.3M succinic acid, the pH of the mixture was less than

* Mod'el 704, Constant Temperature Room, a product of Lab-Line Instruments, Inc., Melrose Park, IL.
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7.4, which is considered to represent an optimum physiological value
(83, p.133).

The sodium salt was substituted for succinic acid and

found to work satisfactorily.
Manometric studies were conducted using a 20-place differential
respirometer* and the following general procedure.

One ml isotonic

solution was added to the main compartment of each reaction flask
with a sterile pipet, 1 ml sodium succinate (of an appropriate
strength) was placed in the sidearm, and 0.2 ml 20 percent potassium
hydroxide was pipetted to the center well which had been previously
greased.

The appropriate volume of deionized water, computed on the

basis of the number of flasks used, was added to the reference flask
(84).

The sidearm plugs were greased and positioned and the ground

glass fittings on the manometer assemblies were greased; a 2-cm
square section of filter paper, which had been accordioned, was
inserted into each center well.

One ml tissue homogenate (of an

appropriate strength) was added to the main compartment of each
flask, and the flasks were attached to the manometer assemblies
and lowered into the constant temperature water bath which was maintained at 37oc.

The shaking mechanism was turned on and after 5

min the seals between the reaction flasks and manometers were adjusted
and tightened; the system was allowed to equilibrate for an additional
10 min and the manometers were adjusted to read 200

~1.

The shaking

mechanism was turned off, the flask assemblies were sequentially
lifted, the sidearm contents were tipped into the main compartment,

*Model GRP20, a product of Gilson Medical Electronics, Inc., Middleton,

WI.
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and the flasks were returned to the water bath; the shaking mechanism
was restarted and the manometer valves were closed.

Manome t er readings

were taken at appropriate intervals for 90 m1n
· or un t•11 t he measuring
capacity of the system was exceeded.
The isotonic solution was prepared as recommended by Umbreit,
et ~·

(83, p.133); 1,904 ml Solution 1 and 26.2 ml Solution 2 were

combined, the pH was adjusted to 7.4 with 1N sodium hydroxide, 165 g
sucrose were added, and the medium was sterilized by autoclaving at
121°C, 16 psi (1 .12 kg/sq em), for 15 min.

Solutions 1 and 2 had the

following compositions.

Solution 1

Solution 2

NaCl (0.154M) 1, 776 ml
KCl (0.154M)
64
MgS04 (0.154M)
16
CaCl2 ( 0.11 OM)
48
Total 1 ,904 ml

Na2HP04 (0.067M)
7.7 ml
KH2P04 (0.067M)
18.5
Total 26.2 ml

Tissue homogenates were prepared as follows:

an appropriate

amount of tissue (approximately 1.5 g liver, 1.2 g heart, and
0.66 g lung) was placed in a tared watch glass, weighed on an
analytical balance, and added to a cold blender, * which already contained the calculated volume of chilled isotonic solution to produce
the desired concentration.
The blender was allowed to operate for exactly 1 min, and the
homogenate wastransferred into a chilled bottle and stored at 3°C
prior to addition to the respirometer flask.

Because the homogenates

tended to lose activity with time, an effort was made to use the suspension as soon as possible after it had been prepared.

*Model 1042, a product of the Waring Products Co., Winsted, CT.
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The substrate concentration was chosen in consideration of the
homoge nate concentration and on the basis of not exceeding the measuring capacity of the differential respirometer, 300 pl, in less than
1 hr.

A test was therefore performed to determine a suitable sub-

strate concentration and the results are presented in Table XVII and
Figure 23.

On the basis of these data, a 0.075M sodium succinate

solution was selected.
1Vhen exposing fresh tissue to the organic extracts, it was
necessary to solubilize the CCE, CAE, and SCE to the maximum extent
possible.

Sletten (4) had employed 7 different organic compounds as

solubilizing agents, and Smith (24) after evaluating 5 compounds had
chosen a commercial surfactant* of undisclosed composition.

This

surfactant was initially employed, however, it was found that the
a mount of mate rial necessary to pla c e the extra cts into solution
significantly reduced the activity of the homogenates.

It was there-

fore decided to l i mit the a moun t of surfa ctant used and to solubiliz e
the extrac ts to the maximum exte nt possibl e .

A known qua ntity, 60 .0

mg, of trace organics and 2 mg surfactant were added into a 15-ml
g lass vial together with 10 . 0 ml deionized wa ter; the via l was the n
immer sed into a wate r b a th* * ma inta ined a t 50°C, and the e x tra ct was
p eriod i c a lly worke d wi t h a glass s tir ring rod in or d e r to so l ubil ize
it.

Because of the limited quantity of surfa ctant employed, only

a pprox imately 70 per cen t

o f e x tract could b e put into solution under

* M-1 4 019 a product of the P etrolite Co . , St . Louis , MO.
**Model MW-1130, a product of Blue M Electric Co., Blue Island, IL.
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TABLE XVII.

Date
of
Test

Test
Group
No. *

Control
11 / 03 / 71
3

OXYGEN UTILIZATION BY EXPOSED RAT LIVER HOMOGENATE
AT VARYING SUBSTRATE CONCENTRATION
Substrate
Concentration
M

Oxygen Utilization,# mg/ g tissue
5

10

15

Time, min
20
30

41

50

100

0.05

0.63

1.07

1.62

2.01

2.91

3.75

4.42

6.98

0.075

0.68

1 . 16

1. 78

2.20

3.17

4.18

4.88

7.58

0.10

0.48

0.85

1.29

1.63

2.34

3.05

3.60

5.64

0.05

0.62

1.25

1 .88

2.43

3.43

4. 51

5.30

-

0.075

0.43

0.94

1.46

1. 94

2.74

3.69

4.49

-

0.10

0.41

0.86

1.33

1. 73

2.39

3.23

3.96

5.72

*See p.118 for definition of test groups.
#The reaction flask contents were: 1 ml tissue homogenate (39 mg/ flask)
1 ml isotonic solution
1 ml substrate (sodium succinate)
& the test temperature was 37°C.
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these conditions; nonetheless, this was considered to be a desirable
alternative to the suppression of homogenate activity by the surfactant.
2.

Enzymatic Activity of Exposed Rat Tissue
The purpose of this study was to ascertain whether the respira-

tory enzyme activity of organ tissues obtained from rats which had
ingested small doses of varying trace organics in the in vivo subacute
toxicity investigation had been significantly changed compared to the
control rats.

In this test, the contents of the reaction flasks

consisted of a known amount of tissue homogenate, a measured quantity
of substrate, and isotonic solution.

Although liver, heart, and lung

tissue had been obtained from the sacrificed rats at autopsy, respiratory enzyme evaluation was not successful with the lung tissue as the
uptake by both the control and the exposed tissues was negligible.
The oxygen utilization by exposed rat liver and heart homogenates is presented in Table XVIII and Figure 24 .

No data are given

for Test Group 1 liver and Group 4 heart, b ecause these tissues had
been used in preliminary studies.

Although 2 different liver homo-

genate concentrations (18.5 and 39 mg/flask) were evaluated, average
values were plotted in Figure 24 because the activity per unit weight ,
mg /g tissue, was essentially the same at both concentrations.

Compared

to the control, the utilization by liver tissue from Test Groups 4,
5 , and 6 was significantly higher, from Group 3 was essentially the
same , and from Gr oup 2 was notably lower.

Histopathol ogical exami-

nation had shown that liver damage had only been incurred by animals
in Test Groups 2 and

5, with those in Group 5 more seriously affected;

1 38

TABLE XVIII.

OXYGEN UTILIZATION BY EXPOSED RAT LIVER AND HEART HOMOGENATES

Date
of
Test

Test
Group
No.*

5

10

11/05/71

Control
2
3
4
5
6

0.27
0
0.43
0.79
0.47
0.57

0.71
0.11
0.96
1.70
1.20
1.33

Liver, 39 mg/flask
1.24 1.83 2.34 2.86 3.46
0.30 0.68 1.00 1.26 1.60
1.46 1.95 2.34 2.76 3.12
2.67 3.68 4.67 5.74 6.74
1.96 2.87 3.66 4.53 5.36
2.08 2.96 3.67 4.47 5.30

3.93
1.97
3.65
7.66
6.10
6.03

11 /07/ 71

Control
2
4
5
6

0.27
0
0.78
0.67
0.40

0.73
0
1.74
1.48
1.11

Liver,
1.40 1.85
0.33 0.60
2.91 3.81
2.37 3.14
1.84 2.57

18.5
2.53
0.90
4.88
3.94
3.30

3. 91
1.53
6.84
6.23
5.26

Heart
2.72 3.42
3.06 4.33
1.93 2.53
2.12 2.70
1.40 1 . 91
3.13 3.83

. 39 mg/flask
4.14
4.87
5.00
5. 71
3.78
3.13
3.93
3.34
2.84
2.43
5.13
4.58

15

Oxygen Utilization,# mg/ g tissue
Time, min
20
40
31
45
50
25
35
55

mg/flask
3.01 3.30
1.08 1.27
6.07 6.88
4.94 5.53
4.11 4.68

Control 1. 20 1.94
1 .68 2.55
1
0.98 1.36
2
11 / 14/71
1 .00 1.47
3
0. 71 0.99
5
1 .43 2.27
6
*See p.118 for definition of test groups.
#The reaction flask contents were: 1 ml tissue homogenate
1 ml isotonic solution
1 ml substrate (0.075M
& the test temperature was 37°C.

66

90

5·.18 5.74
2.43 2.69
4.49 4.74
9.94 10.88
7.99 8.81
7.97 8.74

4.41
2.21
4.10
8.54
6.80
6.74
4.70
1.77
9. 51
7.66
6.43
5.49
6.17
4.50
4. 58
3.52
5.57

60

5.46
1.97
11.28
9.07
7.66
5.95
6.45
5.16
5.14
4.05
5.86

sodium succinate)

7.99
2.89
16.21
12.97
11 .06
6.30 6.64
6.62 6.75
5.62 6.42
5.64 6.30
4.58 5.50
6.08 6.32
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yet the activity of the latter group was greater than that of the control.

The fact that Group 5 animals had been exposed to a subsurface

water CCE+CAE composite, while Group 2 rats had been fed an individual
surface water SCE material, might have been responsible for this difference.

It is interesting to note that Smith (24), in his evaluation

of the toxicity of t~ace organics on fish, had found that exposure to
subsurface wate r CCE+CAE composites resulted in the physical blockage
of oxygen transfer across the gills but did not affect the respiratory enzyme activity of trout liver, heart, and gill homogenates.
Oxygen ut i lization by h eart homogenates from Test Gr oup 5, 2 , and
3 animals was impaired compared to the control, while the activity
of Group 1 and 6 homogenates was higher.

Histological data were not

obtained for heart tissues, however, damage to the kidney, as well
as the liver, of the rats in Groups 2 and 5 had been observed.
3.

Enzymatic Activity of Rat Tissue in the Presence of Trace Organics
The purpose of this phase of the study was to investigate the

effect of trace organics on the utilization of oxygen by rat tissue
homogenates.

The extracts were added in the isotonic solution (or

deionized water used in place of this solution), and organs from
unexposed rats were utilized in the preparation of the homogenates.
Because it had been n oted in the study with expos ed rat tissues that
the homogenates tended to rapidly lose their ac tivity, only organs
extracted fr om freshly sacrificed animals were us ed , and the tissue
suspension was tested within 24 hr of preparation .

Since a limited

number of rats was available, a single animal was sacrificed at a

141

time, and only liver tissue could be employed because a single heart
was too small for the blender.
A wide range of organic extracts were tested and the data obtained
are presented in Table XIX and Figure 25.

The main difficulty in

conducting these tests was the inducing or causing the extracts to
go into solution.

The use of suspending agents was found to be unde-

sirable, and in their absence the solubility of the extracts was
limited.

Consequently, the values reported for the quantity of ex-

tract per flask are approximate and reflect the amount of organics
actually placed into solution.

Except for NF1NGRRCCE, WF1NGRRCCE,

and NF1NSLRSCE, all extracts tested decisively lowered the enzymatic
activity of the liver homogenate.

Extracts recovered after acidifi-

cation on the 2nd carbon filter (NF2AGRRCCE and WF2AGRRCCE) reduced
the oxygen utilization much more than the corresponding materials
recovered at natural pH on the 1st filter (NF1NGRRCCE and WF1NGRRCCE).
The CAE appeared to lower enzyme activity as much as the corresponding
CCE, while the combined CCE+CAE resulted in a further reduction of
the act·ivity.

The SCE material recovered at Springfork Lake,

NF1NSLRSCE, did not significantly affect oxygen utilization, although
the same material when fed to the rats in the i n vivo study did cause
liver damage, manifested both in histological changes and reduced
respiratory enzyme activity.
The effe ct of varying extract concentrations is shown in Table
XX and Figure 26, using the WF2AGRRCCE material which had been
previously found to cause reduced oxygen utilization.

Addition of

5.6 mg/flask of this material caused the complete breakdown of the
activity, and reduced concentrations permitted progressively greater
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T.ABLE XIX.
Date
of
Test

OXYGEN UTILIZATION BY UNEXPOSED RAT LIVER HOMOGENATE IN THE PRESENCE OF TRACE ORGANI CS
Extract

Designation

Quantity
mg/flask

5

10

Oxygen Utilization, * mg/ g tissue
Time, min
20
21
40
41
30
15

Gasconade River CCE
1.56
2.1 4
2.52
0.36 0.88
1.34
2.06
1.78
0.42 0.78
0.48
0.48
0.48
0.08 0.40
12/10/71
1.42
2.64
0.28 0.88
1. 96
0.92
0.28 0.60
0.76
1.16
Springfork Lake CCE
2.36 2.86
0.28 0.92
1.78
0
Control
1.28 1. 44
1.06
0.12 0.58
WF1NSLRCCE
4
1.20
1.50 1.68
0.26 0.68
4
12/11/71 WF2NSLRCCE
0.98
1.16
0.88
0.08 0.44
4
NF1NSLRCCE
1
.
42
1.70
1.12
0.04 0.56
4
NF2NSLRCCE
Springfork Lake SCE or CCE+CAE# and Meramec Spring CCE+CAE#
2.36 2.78
1.82
0.48 1.06
0
Control
1.90 2.34
1.66
0.46 0.92
NF1NSLRSCE
4
12/14/71 WF1NSLR(CCE+CAE)
0.74 0.74
0.74
0.08 0.40
4
0.90 0.90
0.88
0.16 0. 46
4
NF2NMSR(CCE+CAE)
Springfork Lake and Meramec Spring CCE or CAE
1. 72 2.14 2.56
0.50 0.98 1.36
0
Control
1 .04 1.20
0.90
0.70
0.22
0.50
2
WF1NSLRCCE
1.04
0.90
0.76
0.18
0.44
0.64
4
12/15/71 NF2NMSRCCE
1.64
1.54
1.36
0.82
1.14
0.54
2
WF1NSLRCAE
0.54
0.48
o.
52
0.36
0.28
0.08
4
NF2NMSRCAE
Control
WF1NGRRCCE
WF2AGRRCCE
NF1NGRRCCE
NF2AGRRCCE

0
4
4
4
4

*The reaction flask contents were:

50

60

61

3.04 3.32
2. 40 2.70
0. 48 0.48
3.00 3.44
1.22 1.34
3.26
1.58
1.92
1.32
1.92

3.54
1. 70
1.96
1.32
1.92
3.30
3.08
0.74
0.90
3.24
1.42
1.20
1. 72
0.56

1 ml tissue homogenate (40 mg/flask)
1 ml deionized water containing the appropriate quantity of extrac t
& 0.2 mg surfactant
ml substrate (0.075M sodium succinate)

& the test temperature was 37°C.
#CCE & CAE materials were combined at their naturally occurring ratio (1 / 3.56 & 1/ 3.35 for Springfork
Lake & Meramec Spring extracts).
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TABLE XX. OXYGEN UTILIZATION BY UNEXPOSED RAT LIVER HOMOGENATE
IN THE PRESENCE OF VARYING CONCENTRATIONS OF TRACE ORGANICS
Date
of
Test

Extract
Quantity
Designation
mg/flask
Control

12/16/71

NF2AGRRCCE

*The flask contents were:

Oxygen Utilization,* mg/g tissue
Time, min
10
20
30
45
65
90
5

0

0.28

0.60

1.08

1.54

2.20

3.02

3.96

0.7

0.24

0.46

0.76

1.00

1.36

1. 78

2.20

1.4

0.12

0.28

0.54

0.72

0.94

1.26

1. 55

2:8

0.0

0.02

0.08

0.0?

0.08

0.12

0.13

5.6

0.0

0.0

0.0

0.0

0.0

0.02

0.02

1 ml tissue homogenate (40 mg/flask)
1 ml isotonic solution containing the appropriate
quantity of extract & 0.2 mg surfactant
1 ml substrate (0.075M sodium succinate)
& the test temperature was 37°C.
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uptakes; however, the relationship between oxygen utilization and
extract concentration was not inversely proportional.

The RTL

m

for

the WF2AGRRCCE was computed to be 0.049 mg organics/mg liver tissue;
this was lower than the 0.11 value which was determined by Sletten
(4) and Smith (24) for trout liver homogenate at 20oc.
D.

SUMMARY AND DISCUSSION
Organic contaminants recovered from Missouri surface and sub-

surface water sources were found to cause harmful effects to white
rats.

The individual SCE and the 2 composite CCE+CAE materials

evaluated in the in vivo subacute toxicity study all caused harmful
physiological or clinical changes in the test animals, even though
low trace organic dose levels were used.

In addition, 9 of the 12

individual and composite extracts tested by direct exposure in the
in vitro respiratory enzyme study depressed the utilization of
oxygen by liver homogenates from unexposed animals.
Major findings of the toxicity studies are summarized in Table
XXI.

The response of Test Groups 1 and 2, which were exposed to the

individual NF1NSLRSCE material, would indicate that on a short term
basis a 1 mg/day dose could be tolerated by the animals; however, the
exceptionally high SGOT value shows that increased synthesis of
protein was taking place.

Group 2, although showing little outward

physiological distress, was found to be affected adversely in the
histological and clinical determinations, and on this basis it may
be concluded that the increased extract dose resulted in greater harm
to the animals.

The rats in Test Groups 3 and 4, which were exposed

to the WF(1+2)NSLR(CCE+CAE) composite, appeared to be seriously
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TABLE XXI.

SUMMARY OF TOXICITY STUDIES

In Vivo studies
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~11}-.........
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~

0

Physiological
Observations

l'<l~E

0

Normal

1

1

No visual effect

2

2

No visual effect

~

z

J-

3

1

U}~

~~
+l'<l
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o
-o
~-

~~
~:f

N~
~.s

4

5

2

1

Blue skin & tissue
(cyanotic) ; chocolate color blood;
rusty tail & loss
of hair.
Yellow skin (cyanotic but < Group
3); no loss of
hair.
Blue skin & tissue
(very cyanotic);
chocolate color
blood; rusty tail;
high temperature;
loss of hair.

In Vitro Studies

Histopathological
Observations
Liver

Kidney

Normal

Normal

Normal
Normal
Abnormal, mild;
Abnormal ; mild
swelling & infiltswelling & a
ration, & increaslittle trapped
ed phagocytic
fluid.
activity.
Normal

Normal

Normal

Normal

Most abnormal;
swollen tubules
Most abnormal;
with
trapped
infiltration of
fluid, degradaphagocytic cells,
tion, areas of
degradation, fat
infiltration, nee- material coalescing together,
rotic area shown
in 1 magnification. infiltration of
phagocytes.

r-1

e
o-.........

8

op

w e
127

Enzyme
Activity*

~ eel

+'
(.)
ell
~

Gl

r-1

~

+' Ul ..........

>< 0 bO
Liver Heart ~~e

100

100

424

-

108

170

42

87

59

85

87

318

198

-

138

160

71

Enzyme
Activity*
Liver

0

100

6

81

6

21

6

26

Yellow skin (cyan202 146
97
Normal
Normal
2
6
otic); rusty tail.
*Oxygen utilization expressed as %of Control after 60-min reaction time.
**This extract also caused significant distress to 2 mother rats causing them to kill their pups.
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affected although no damage to the liver and kidneys was detected in
the histological examination.

Group 3, which received the lower dose,

was physiologically under more stress than Group 4; also, the SGOT
for Group 3 was significantly lower thanthe control and the respiratory enzyme activity was depressed, while the corresponding values
for Group 4 were markedly higher.

The increased SGOT activity of the

rats in Group 4 might have been responsible for the less critical
state of physiological distress of the animals in this group.

Test

Groups 5 and 6 were subjected to the combined subsurface extract,
NF2NMSR(CCE+CAE), and both showed serious effects.

The physiological

and histological observations revealed that Group 5 animals were the
most adversely affected of the rats studied.

As was the case with

Groups 3 and 4, the animals receiving food dosed at a higher level
did not respond with greater apparent damage.

However, Groups 4 and

6 both possessed much greater SGOT activity than the control which
might indicate that these animals were actively trying to synthesize
essential cellular mass.

Another likely explanation is that the rats

in these groups had detected the presence of the organics on the meal,
and consequently ate less during the short test period.
Oral feeding of the different organic extracts to white rats
affected the animals in varying degrees, and on the basis of decreasing order of adverse response, the groups may be classified as follows:

5

>

most
affected

3

>

6

>

4

>

2

1 >
least
affected

>

Control
normal

The animals most adversely affected were those which had received
the combined CCE+CAE from either a surface or subsurface water source.
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The surface water SCE did not produce the obvious and traumatic
effects induced by the composite of the CCE and CAE materials recovered
at the same source.
In order to place the procedures, findings, and contributions of
this work in perspective with those of other investigators who have
reported on the health effects of trace organics, Table XXII is
presented.

Sletten (4) and Smith and Grigoropoulos (5) reported the

TL m values for a number of extracts and developed in vitro procedures
_...;...;;;..;;.;~

for establishing the toxic mode of action of the organics.

The

latter investigators also evaluated the long-term effects of surface
and subsurface CAM extracts and developed prediction equations for
estimating the long-term no effect dose; and they employed CCE+CAE
composites to more accurately represent the organic contaminants which
were present in the water source.

Individually, in short-term

bioassays, the CCE materials were found to be more toxic than the
corresponding CAE; however, strong synergistic action was shown,
when the CCE and CAE were combined.
The studies with terrestrial animals by Hueper and Payne (28)
and Dunham

et al. (21) were designed primarily to evaluate the

'--

carcinogenic properties of individual CCE or CAE, and information
was presented only on tumor development or life shortening.

Voluntary

oral ingestion was employed only by Hueper and Payne and only for CCE
and at a very high dose (2 percent).

Both groups of investigators

concluded that the individual CCE or CAE substances tested were
capable of inducing anomalous cell growth but were not potent carcinogens.

On the other hand, the objective of the recently reported

study by Tardiff and Deinzer (25) was the determination of the LD 50
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TABLE XXII.
Investigator

HEALTH EFFECTS OF TRACE ORGANICS ON FISH AND SMALL ANIMALS

Organic
Origin

Type

Surface, CCE,
Treated CAE
Smith & Sub sur- CCE,
CAE
Grigor- face,
CCE+CAE
opoulos Raw

Type

Test Animal
Wt.
Exposure to
g
Organics

Conditions & Findings
Concentration
or
Dose

Findings

.

<i-1
(1)

c.:;

Treated water CCE harmful in
4
short-term bioassays.
Acute: 24Subsurface water CCE or CAE not
Trout & 1. 2
In Water
270
mg/
1
toxic;
CCE+CAE composite proRed
to
5
Chronic: 1.0- duced strong synergistic effects
Shiners 16.3
on long-term basis.
24 mg/ 1
CCE
Painted
Some mice exhibited chronic
1 drop
CAE
Cutaneous
epidermal
ulcers from CAE.
Surface,
Hue per
C57
Injected
Surface
water
CCE caused tumor
Black
Raw &
CCE
&
2 mg biweekly
28
Subcuformation; both CCE & CAE
Mice
Payne
Treated CAE
4 mg biweekly
taneously
induced life shortening.
CCE
Oral via food
No tumor formation observed.
2%
Life shortening attributed to
CCE
HamOral via poly- 2 mg, 3/wk
Not
ethylene tube 21 mg, 3/wk
unsatisfactory feeding method.
CAE
sters
Given
Dunham, Surface
No correlation found between
Injected
21
New0.5, 1.0&
et al.
Treated
carcinogenic properties of exCCE+CAE born
Subcu3.5 mg at 1,
tracts & epidemiological data.
10 & 20 days
mice
taneously
CarRO-SE,* CCE, & CAE yielded LD50
Injected
50-600 mg/kg
Tardiff Surface, RO-SR
worth
values**
which classify the orga- 25
50-200 mg/kg
Intraperi toCCE
&
Raw &
CF1
nics
as
very
& extremely toxic.
60-200 mg/kg
neally
Deinzer Treated CAE
Mice
Surface & subsurface CCE+CAE
Surface
1 & 2 mg/rat
composite affected rat well beWhite
SCE
Present & SubNA
200 Oral via food daily for
ing & caused organ damage; surStudy
surface, CCE+CAE Rats
15 days
face SCE caused organ damage.
Raw

Sletten

Trout

1.7

10.1-24.1 mg/1

--

*Reverse osmosis-solvent extract (methylene chloride & chloroform).
**These values were: 65, 89, & 84 mg/ kg, respectively for the RO-SE,

CCE, & CAE.
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values for several individual reverse osmosis-solvent extract, CCE,
and CAE materi~ls using intraperitoneal injections.

It was found

that the CCE and CAE fractions were almost equally toxic to mice in
the acute mode; the reverse osmosis-solvent extract was toxic at a
lower concentration, however, this material was recovered from a
different source than the CAM extracts.
These mammalian toxicity studies had focused upon significant
objectives, but the mode of exposure employed, the use of individual
extracts, and the concern with quantifying only a narrow range of
effects would limit the application of the data in assessing the
potential harm of the organic cont.aminants to the water consumer.
To illustrate the importance of test procedure, a comparison may be
made between the findings of present study and those of Tardiff and
Deinzer.

The LD 50 values for CCE and CAE recovered from a river

containing a large quantity of industrial pollution were found by
Tardiff and Deinzer to be 84 and 89 mg/kg, respectively; however,
cumulative oral doses of up to 150 mg/kg in 15 days* were used in
the present study, and although the animals were in the majority of
the cases highly distressed, none died during the test period.
may indicate that the biochemical system of the test rats

This

was at

least in part effective in moderating the harmful properties of the
extracts.

A degree of acclimation may have been achieved by the

animals receiving low doses over a period of time through the

* Considering that each 200-g rat theoretically_consumed 10 g/day .
of meal containing 0.01 or 0.02 percent organ1cs, the correspond1ng
doses would be 75 and 150 mg/kg.
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stimulation of microsomal enzyme activity which has been shown to
detoxify certain poisonous environmental contaminants (85).

Another

possible explanation for the greater toxicity of the CCE and CAE used
by Tardiff and Deinzer is the fact that these materials were recovered
from the Kanawha River which would be more likely to contain highly
toxic compounds of industrial origin than Meramec Spring and Springfork Lake which provided the extracts for this study.

Oral ingestion

of organic substances has also been advocated by researchers with
Arthur D. Little, Inc. in a study commissioned by the U. S. Environmental Protection Agency (3) as the method that should be employed
in determining maximum no effect concentrations upon which appropriate environmental standards may be based.
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VII.

DISCUSSION

Trace organic contaminants were recovered by large-scale SEM
and modified CAM systems from 3 Missouri water sources and selectively
characterized by several chemical and toxicological procedures.

An

overall summary of the studies and findings of this investigation is
presented in Table XXIII.

A major amount of the effort in this study was devoted to the
development of a suitable solvent extraction contactor and in the
comparative evaluation of the SEM and CAM systems.

Both methods

demonstrated an apparent sensitivity to the presence of natural
turbidity.

The CAM recovery configuration used at the Gasconade

River and Springfork Lake sites divided the flow between 2 parallel
activated carbon banks consisting of either 2 carbon filters in series
or a pressure sand filter followed by 2 carbon filters.

On the basis

of the total recoveries of trace organics obtained at the 2 sites,
it appears that the presence of the sand filter, and the resultant

Water Source
Gasconade River
Springfork Lake

Total CCE+CAE, pg/1
NF
WF
197
330
485
724

Ratio

WF/NF
1.67
1 .49

reduction in turbidity, effected an increase in the yield.

This may

have been caused by the removal of large organic particles and fine
clays and silts which would have occupied adsorption sites within the
macropores· and micropores of the carbon and would have blocked solution
channels within the bed, thereby causing certain regions to become
isolated from the sample flow.

In addition, it was generally found
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that the raw water turbid i ty had an 1"nverse re 1 a t ionship with the tr a c e
organic yield.

Water Source
Springfork Lake
Gasconade River
Missouri River

Avg Raw Water Turbidity
units
5

17
62

Total CCE+CAE, ug/ 1
WF

NF

724
330
371

485
197

Skrinde and ·romlinson (44) have also reported on the effect of pretreatment on the quantitative recovery of CCE and CAE from Missouri
River water.

Three parallel banks of 2 carbon filters were preceded

by either a sand filter, a fiber filter, or a diatomite filter.

Th e

highest recovery was obtained from the diatomite pretre a ted wa ter,
which should have contained the least amount of colloidal turbidity.
A comparison of the recoveries reported by Tomlinson and Skrinde in

1963 for the diatomite filtered water and those obtained in the present
study in 1971 for sand filtered water is shown in the following tabulation.
Tomlinson & Skrinde
Extract
CCE
CAE
CCE
CAE
Total

EH
natural
natural
2.8
2.8

~
76
239
68
451
834

This study

.E!!

7.9
7.9
2.5
2.5

E&Ll
41
330
35
513
919

It is inter~sting to note that although a higher overall yield was
shown in 1971, the concentration of CCE, obtained under both n e utr a l
and acidific conditions, decre a sed.
The total amount of trace organics (CCE+CAE) recovered by the
CAM method from treated Missouri River water (1,196 pg/1) was 30
percent higher than that obtained from the raw river water (919 pg/ 1);
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similar results have also been observed by Oliver (74).

Some possible

causes for the greater recoveries from treated water would be:

the

addition of adsorbable organics or inorganics by chemical treatment
or recarbonation (see Figure 11, p.83); an increase in the number of
molecule~ with the proper molecular size for adsorption as a result

of chemical action or physical breakdown; the elimination of particles
which would have been too large to diffuse into the quiescent regions
of the pores but which could spatially block the pore cavity; the
desorption of organics from inorganic silts and clay particles as a
result of major changes in the chemical and physical properties of the
water; and changes in the type and composition of the inorganic components and the pH of the water during treatment which would allow
fewer opportunities and unsatisfactory conditions for complexing or
association with polyvalent cations.
The carbon adsorption procedure

(CAM-hf, CAM-lf, and 0-CA modi-

fications) has been applied extensively to the monitoring of raw and
finished water from surface and subsurface sources, and drinking water
standards, current and proposed, are based upon this method (12,86).
Although the laboratory procedures for the CAM modifications have been
adequately described, the effect of physical and chemical characteristics, such as turbidity and pH, on recovery has not been considered
in the test protocol.
The relationship of the CAM and SCE yields is not discrete or
well defined, and the values obtained at the 3 sites demonstrate that
each method apparently possessed different selectivities.

The SCE

recoveries were significantly greater than the corresponding CCE values
from the 2 filters in series except for the treated Missouri River

157

water CCE materials.

Although the SEM procedure has been recognized

as a valuable monitoring ~ool when rapid results or the detection of
a significant contaminant are desired, the method was found to be less
versatile and useful than the CAM in concentrating the quantities of
extracts necessary for even modest chemical and toxicological characterization.

A major inadequacy of the large-scale SEM was the solvent

stripping phase, which required considerably longer than the contacting
step.

Further, a large volume of solvent was required, and the recycled

chloroform has been reported to have reduced recovery capacity (30).
When in excess of 100 1 of water are to be contacted, the use of either
the high speed mixer or the perforated plate column should be given
serious consideration.

Although more difficult and expensive to con-

struct, the perforated plate column was found to be less sensitive to
the presence of turbidity and required little attention to operate.
The high speed mixer was affected by turbidity, which induced emulsion
formation, and pretreatment of the turbid water by filtration or other
methods might result in greater extract yield.

The use of preliminary

small-scale studies to establish procedural parameters under a simulated extraction environment would be desirable.
The molecular size distribution data (Table XXIII) show that the
materials recovered f rom

~
~ d
~rea~e

M"ssourl.·
River water had a smaller
l.

size and more uniform distribution than the surface water extracts
obtained from Springfork Lake.

The size distribution of the raw

Missouri River water extracts was not determined, because the location
of the gel permeation

•
~ ·n
equl.pmen~ 1

Columbia limited the number of

samples which could be run, and it was desirable to analyze a cross
· 1
section of materl.a ~·

Evaluation of the molecular size distribution

158

of both the raw and treated water might provide valuable insight into
the nature of the particles removed or modified in water treatment
systems.

In addition, it should meet a need recently identified in

water treatment (87), which is to more effectively evaluate the
adsorption characteristics of the various types of activated carbon
(virgin and regenerated) offered to the industry by using organic
solutes more representative of the size of materials to be removed.
The iodine and phenol adsorption tests, presently employed in specifying activated carbon, do not adequately satisfy this need.

At least

40 water treatment plants in the United States are now utilizing granular activated carbon beds for the removal of organic contaminants
as well as taste and odor (88).

Experience has shown that on the basis

of threshold odor number measurements, carbon filter beds have
effectively operated for extended periods of time (up to 6 yr) without
need for reactivation; however, 0-CA data have indicated that immediate
leakage of trace organics occurred, in some cases, and the beds
generally were not effective in removing these materials after a few
months.

Fractionating the CCE, CAE, or an appropriate solvent extract

could help further as c ertain whether after an extended run the carbon
bed was removing potentially harmful organics or merely enhancing
the cosmetic acceptability of the finished water.

In the Jefferson

City run, where finished Missouri River water was passed through 2
carbon beds in series, the quantity (Table XXIII) of trace organics
obtained from the 2nd filter after acidification was significantly
higher than that recovered from the 1st; further, the mol e cular size
of the fractions of the 2nd-filter CCE was generally smaller than the
size of the fractions of the 1st-filter CCE (Table XXIII and Figure 15).
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It should also be pointed out that the limited carbon data obtained
in this study indicated that while 67 percent of the influent carbon
was being removed by the 2 activated carbon filters in series at the
beginning of the recovery period, only 9 percent was being retained
after approximately 16,000 l of finished water had been sampled; this
was significantly less than the 50,800 l which the system was designed
to recover on the basis of a scale-up of the standard CAM-hf conditions.
A sizeable fraction of the org~nic contaminants possessed molecu'

0

0

lar sizes less than 10 A; considering that a 1-A size corresponds to
an average molecular weight of 20 (a range of 10 to 4 0), it follows
that a major portion of the organics had molecular weights less than
200.

This is important because the EPA reverse osmosis-solvent

extraction hybrid scheme (25), which depends on reverse osmosis to
concentrate the organics , may not be able to recover materials with
molecular weights less than 200.

On the other hand, only a small

number of the fractions resolved by gel permeation had molecular
sizes which would correspond to molecular weights greater than 750;
consequently, the majority of the fractions should be amenable to
direct analysis by gas chromatography-mass spectroscopy for identification (2).

It is interesting to n ote that the NF2NMSRCAE material,

which Smith ( 24 ) reported to be unresolvable by gas-liquid chroma tographic procedures, was fractionated by the ge l permeation technique.
The ability of this technique to provide the molecular weight characteristics of organic compounds with a reasonable investment in time ,
talent, and monetary. support should allow research pertaining to
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taste and odor, color, and clarity of the wa t er t o b e approached on
a more fundamental bas1·s.

The o d orous or colored fractions may

routinely be separated, and appropriate methods developed for the
removal of the harmful or troublesome components.
Trace element analysis established (Table XXIII) that the SCE
contained a significant number of trace elements; these might have
been chelated or bonded with trace organics.

Since organometallics

are known to be highly toxic (2,3), recovery and detection of these
compounds may be necessary for reasons of public safety.

The

NF1NSLRSCE did not generate the striking physiological distress to
the rats that was shown by the animals which ingested the composite
CCE+CAE from the same water source; however, ingestion of this
material resulted in histological abnormalities in the liver and
kidneys which the NF(1+2)NSLR(CCE+CAE) did not induce.

The more

latent form of health effect should be studied further by means of
mammalian in vivo investigations.

All but 1 of the extracts examined

for 16 trace elements by emission spectroscopy were found to contain
at least 4 elements; the exception was the CCE recovered from finished
Missouri River water which showed only traces of calcium and copper.
The Meramec Spring extracts, eluted from the 2nd filter in series,
had 11 elements present.

Smith (24 ), who h ad employed gas-liquid

chromatography and infrared spectroscopy to fractionate and charac terize these extracts, placed them in the broad category of humic
acids.

Although the humic acids group is still uncharacterized and

its structure is speculative, it is useful in many ways to agriculture
and industry, primarily on the basis of its chelating ability.

Claims
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have been made for example that the solub1·1 1·zat 1· 0 n of

gold in mountain

streams is attributable to the chemical properties of humic acids (89).
The contrast between the toxicological potential of an organometallic compound and the corresponding metal is well illustrated by
considering tin.

Although metallic tin has been recognized to be

nontoxic (90), the LD 50 dose for tetraethyl tin has been reported (3)
to be 15.9 mg/kg rat, while a daily dose of 0.0001 mg/kg administered
orally to rats for 7 to 9 months caused physiological damage to the
blood, nervous system, and kidneys.

Since a number of trace elements

have been measured in the CCE, CAE, and SCE which are found in organometallic compounds, further work in this area is necessary.

The com-

plexity of biological interactions with toxic inorganics was recently
reported by Diplock (91) wh~ proposed that rat liver microsomal enzymes
were capable of converting toxic amounts of selenium to dimethyl
selenide, which would then be exhaled.

Although the extracts were

not examined for selenium, this metal was found to be the only toxic
inorganic present at a concentration greater than recommended by the
U. S. Drinking Water Standards (12).

Sigworth and Smith (92) have

recently reported that data concerning the ability of activated carbon
to remove selenium did not exist.
Numerous investigators (1,2,3, 4 ,5,15, 21 ,22,25, 27, 28) have recognized the importance of evaluating the harmful effects of trace organics
and have stated the need for work in this area.

Based on the experience

gained during the course of this study, the test protocol outlined in
Figure 27 has been developed and is recommended for use in securing
further insight on the· chemical and toxicological character of trace
organics, with emphasis on synergistic effects and organometallic
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Extract
2,000mg

I

I
Partitioning
by Gel Permeation
Chromatography

Toxicity
Evaluation
630mg

Trace Element
Analysis
70mg

1,300mg

( 7 rats for 90 days
at I mg/day)

9-12 Fractions
450 mg total
(assuming 35% recovery)

I

I

Subacute Toxicity
Evaluation

Chromatographic a Spectrometric
Identification

280mg

gas chromatography- mass spectroscopy (with computer); in fro red,
ultraviolet & nuclear magnetic
resonance spectroscopy; & nondestructive onolytict' procedures.

( 3 rots for 90 days
at I- 3 mg/day;
individual or composited
fractions; 3-6 groups)

IOOmg

I

1
Elemental
Chemical
Analysis
C,H,O,N,P,S
70mg
(5 mg/element;
2 fractions)

Emission
Spectroscopy
Ag,
Cr,
Mg,
Pb,
Ti,

Ba, Co,
Cu,
Mn,
Si,
V,

Fe,
No,
Sn,
Zn

Atomic
Absorption
Spectroscopy
As, Hg, Sb,
Se
20mg

50mg

f•'igure 27. PROPOSED PROCEDURE FOR COHPREHENSIVE CHEMICAL AND TOXICOLOGICAL CHARACTERIZATION OF TRACE ORGANICS
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compounds.

The 2 g of organic contaminants needed can be recovered

by the CAM, SEM, or other appropriate procedure, however, it is
recommended that composite extracts be used to more adequately
represent the total spectrum of organics.

One of the most signifi-

cant variables in this procedure is the percentage of trace organic
material injected into the gel permeation chromatography unit which
would be eluted in the fractions.

The fractional weight distribution

is also important if the largest fractions are to be evaluated for
individual and synergistic toxic properties.

Assuming that the

extract possesses a molecular size distribution similar to that
obtained for 4 of the 6 materials tested in this study (Table XX III),
that is over 85 percent of the eluted extract being present in 2
fractions, an adequate quantity of organics would be available to
enable a comprehensive subacute toxicity study of the 2 fractions,
individually and in combination.

If the 2 largest fractions did not

demonstrate harmful properties, it would be reasonable to speculate
that

o~ly

small amounts of the lesser fractions would be required

to effect toxic action, unless strong synergism were present.

The

quantity of extract required . for the proposed evaluation scheme, or
for an investigation designed to measure chronic toxicity or to establish the maximum no-effect concentration or dose would necessarily be
large.

(Exposing 10 rats to 1 mg/day for 6 months would require in

excess of 1.8 g extract.)

The recovery of this quantity would be a

major operation - if the SEM procedure were selected for this purpose.
A strong impetus to the application of the SEM technique arose from
the findings and recommendations of Dunham, et al.

(21) who cited

literature indicating that certain polyaromatic hydrocarbons, known

1M

to be carcinogenic, were not desorbed from the activated carbon by
common elution solvents.

In recognition of this fact, the 1970

European Drinking Water Standards have chosen solvent extraction as
the means for determining the trace organic content (SCE and SBE) of
water supplies (14).

Measurement of SBE has been recommended

especially for the recovery of polyaromatic hydrocarbons.

Benzene

extraction was employed in the laboratory and field evaluation of the
solvent extraction contactors, however, it was not used in large-scale
recovery operations due to the flammability of the material.

Although

benzene may not be classed as a good overall recovery solvent on the
basis of - its solubility parameter, it is specific for many of the most
harmful aromatic contaminants in the environment, is inexpensive a n d
nearly water insoluble, and possesses a low boiling point.
Whether the health effects found to be present at the 5 mg/ kg/ day
dose level represent a potential danger to water consumers or an
actual long-term insult was not quantified in this study.

However,

if a 30-kg child were to intake 2 1/day (86) of water containing
2 mg/1 of a CCE+CAE composite, the child would be actually receiving
a dose of 0.13 mg/kg/day.

The 5 mg/kg/day value was probably signifi-

cantly above the no-effect level; hence, there appears to be a definite
need to determine the maximum no-effect dose for organic contamina nts
in water, at least for systems serving major metropolitan areas.

These

data would a llow the water purveyors and health officials to determine
if an existing or propose d treatme nt system would be capable of purifying the water to the degree necessary.

It is appropriate to note

·c Contaminants of the American Water Works
that the Committee On Organ 1
Association in a report presented at the 1974 conference (94) pointed
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out that historical data tends to indicate that the extensive pollution
abatement effort over the past 15 yr has not resulted in a significant
decrease in the concentration of organic contaminants in the waters
of the nation.

The need for continued chemical and toxicological

investigation of trace organics is apparent; and irrespective of the
primary objectives of such studies, the importance of interdisciplinary
participation and support in order to secure the expertise necessary
for concurrent determinations must be recognized and encouraged.
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VIII.

CONCLUSIONS

The findings of this investigation permit the following conclusions to be drawn.
1•

The high speed mixer and perforated plate column solvent extraction systems developed in this study were found to be reasonably
efficient for the recovery of trace organics and relatively
inexpensive to build.

2.

The recovery of trace organics by the CAM* and SEM from 3 Missouri
water sources, the Gasconade River {at Jerome), Springfork Lake
(near Sedalia), and Missouri River (at Jefferson City), indicated
that the yield was generally greater for the SCE, although each
method apparently possessed different selectivity for organic
contaminants.

3.

The presence of increased amounts of natural turbidity at the 3
recovery sites in general caused a decrease in the quantity of
trace organics obtained by the CAM and SEM.

4.

The amount of organic extracts (CCE+CAE) recovered by 2 carbon
filters in series, with acidification preceding the 2nd filter,
was 30 percent greater for treated than for raw Missouri River
water.

5.

The separation and molecular size characterization of naturally
occurring surface and subsurface CCE and CAE materials was
effectively accomplished by a gel permeation chromatographic
technique.

*CAM:
CAE:
SCE:

c rbon Adsorption Method; CCE:
Carbon Chloroform Extract,
c:rbon Alcohol Extract; SEM:
Solvent Extraction Method;
Solvent Chloroform Extract.
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6.

The molecular size spectrum for the CCE and CAE materials recovered
from Springfork Lake was characterized by a varied size distribution and a sizeable number of molecules of large size (up to

•

50,000 A), while the spectra for the treated Missouri River CCE
and Meramec Spring (near St. James) CCE and CAE reflected an
abundance of low molecular weight compounds (1 to 20

A)

and a

uniform distribution.
7.

Significant amounts of trace elements were found in 5 of 6 extracts
examined by emission spectroscopy for 16 metals, indicating the
likely presence of organometallic compounds in the water sources
and the CAM and SEM materials.

8.

The bioassay procedure developed in this study, which was based
upon the voluntary ingestion of food tainted with small quantities
of appropriate individual or composite extracts by white rats and
employed physiological observations, clinical tests, and histopathological analysis, was found to be capable of assessing many
of the harmful health effects of the organic contaminants to
mammals in the subacute toxicity mode.

9.

The composite CCE+CAE materials from Springfork Lake and Meramec
Spring, introduced to white rats at doses of 1 and 2 mg/ day,
caused serious physiological distress to the animals, including
cyanosis, rusty tail, and loss of hair, and in addition, the
subsurface composite induced histological damage to the liver and
kidneys; exposure to the SCE from Springfork Lake did not produce
the outward physiological symptoms, but did cause damage to the
liver and kidneys.
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10.

The test protocol, which has been developed, would enable the comprehensive investigation of the chemical and toxicological characteristics of organic contaminants; this procedure incorporates
gel permeation chromatography to partition the complex materials
into fractions which may then be characterized by chemical means
and subacute toxicity tests, trace element analysis by emission
and atomic absorption spectroscopy, and mammalian toxicity
evaluation of individual and composite extracts and appropriate
fractions.

11.

The inability of activated carbon treatment to remove quantitatively from finished water over an extended period of time
trace organics, other than those responsible for taste and odor,
makes the comprehensive evaluation of these materials a priority
concern to the water works industry.
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IX.

RECOMMENDATIONS FOR FURTHER RESEARCH

On the basis of the experience gained in this study, the following
areas of research would appear to merit consideration.
1.

The effect that the physical and chemical properties of the water
have on the recovery of trace organics by the CAM and the SEM
procedures should be investigated further.

2.

Gel permeation chromatography should be applied to the characterization of a significantly broader range of extracts, and the
fractions studied in order to develop more efficient methods for
their control or removal.

3.

The chronic toxicity and the maximum no-effect dose of organic
pollutants should be determined using small animals and voluntary
ingestion of tainted food, and the health effects to the mammals
should be evaluated through a coordinated multidisciplinary
effort.

4.

The influence that trace elements have on the chemical and toxicological properties of organic contaminants should be investigated to establish the significance of these elements and chemical
relationship to organic pollutants.

5.

The relative capability of the SEM and CAM techniques to recover
potential carcinogens and toxic substances, and the specificity
of the various solvents to extract or elute these materials,
should be studied; this might help reconcile the difference in
approach employed in setting standards for drinking water in
Europe and the United States.
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